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Description 

This invention relates to peptides useful in metalloproteinase detection and inhibition. Specifically: the invention 
relates to peptides derived from the sequence of type IV collagenase which correspond to domains of the enzyme 

5 which are involved in activation of the enzyme and interaction of the enzyme with its sub strate. Antibodies recognizing 
the peptides are useful in enzyme detection. Specific peptides, identified by means of functional studies, constitute 
new classes of metalloproteinase inhibitors. 

The degradation of interstitial and basement membrane coilagens is initiated by a specific class of metalloprotei- 
nase, the matrix metalloproteinases.. also known as the collagenases (EC 3.4.24.7), which are secreted into the ex- 

io tracellular matrix in zymogen form. Members of this collagenase gene family include: the interstitial collagenases, which 
degrade collagen types Ml and III and have been characterized with respect to substrate specificity and requirements 
for activation (Stricklin : G.P., Jeffrey J.J., Rosewit, W.T. : and Eisen, A.Z., 1983, Biochemistry 22. 61-68: Goldberg : G. 
I., Wiihlem, S., Kronberger A., Bauer E.A., Grant, G.A., and Eisen, A.2., 1986 ; J. Biol. Chem. 261 , 6600-6605: Hasty, 
K.A., Jeffrey, J.J,, Hibbs, M.S.. and Welgus, H.G.. 1987. J. Biol. Che. 262 . 10048-1052 : Fields, G.B.. Van Wart, H.E., 

»5 and Birkedal-Hansen, H., 1 987, J. Biol. Chem. 262 , 6221-6226; Grant, G.A., Eisen, A.Z., Marmer, B.L. Rosweit, W.T. : 
and Goldberg, G.L 1987, J. Biol. Chem. 262 , 5886-5889); stromelysin, which degrades proteoglycans, glycoproteins, 
and the non-helical portions of collagenous molecules (Wilheim. S.M.. Collierm, I.E., Kronberger, A.. Eisen, A.2.. Marm- 
er, B.L, Grant, G.A., Bauer, E., and Goldberg, G.I., 1967. Proc. Natl. Acad. Sci. U.S. A 84, 6725-6729; Whitman, S.E., 
Murphy, G., Angel, P., Rahmsfori, H.-J.. SMith. B.J., Lyons, A. Harris, T.J.T., Reynolds. J. J., Herrlich, P. and Docherty, 

20 A. J. P.. 19B6 : Biochem. J. 240 , 913-916); and type IV collagenase, which degrades pepsin-resistant triple-helical type 
IV collagen and interstitial coilagens (gelatin). Type IV collagenase has been identified in human tumor cells (Liotta, 
LA.. Kleinerman, J.. Catanzaro. P., and Rynbrandt. D.. 1977, J. Natl. Cancer Inst. 5B, 1427-1439; Turpeenniemi- 
Hujanen, T, and Tryggvason, K. : 1982, Int. J. Cancer 30p , 669-673; Liotta, L.A., Abe, S., Gehron-Robey : P., and Martin, 
G.R., 1979, Proc. Natl. Acad. Sci. U.S.A. 76 2268-2272; Liotta, LA., Tryggvasson, K., Garbisa, S., Hart, I., Foltz, C. 

25 M., and Shafie, S., 1980, Nature , Lond., 264, 67-68; Collier I.E., Wilheim, S.M. w Eisen, A.Z., Marmer, B.L., Grant, G. 
A., Seltzer, J.L, Kronberger, A;, He.. C, Bauer, E.A., and Goldberg, G.I... 1988, J. -Biol. Chem. 263 . 6579-6587), en- 
dothelial cells (Kalebic, T, Barbisa, S., Glaser, B., and Liotta, L.A.. 1983, Science 221 , 281-283), bone (Murphy, G. : 
McAlpine, C.G.. Poll, C.T.. and Reynolds, J.J., 1985, Biochem. Biophvs. Acta 831 , 49-58), fibroblasts (Collier, I.E., 
Wilheim, S.M.. Eisen, A.Z., Marmer, B.L, Grant, G.A., Seltzer, J.L, Kronberger, A., He., C, Bauer, E.A.. and Goldberg, 

30 G.I.. 1988. J. Biol. Chem 263 . 6579-6587), polymorphonuclear leukocytes (Uitto, V.J., Schwartx, D., and Veis, A., 1980, 
Eur. J. Biochem. 105 , 409-417) and macrophages (Garbidsa, S. : Ballin, M. : Daga-Giordini, D., Fastelli, G., Naturale, 
M.. Negro, A.. Semenzato, G., and Liotta. LA.. 1986, J. Biol. Chem. 261 . 2369-2375). This enzyme is a neutral met- 
alloproteinase of 68 to 72 kilodaltons which is secreted in zymogen form (Liotta. L.A.. Abe. S., Gehron-Robey, P., and 
Martin, G.R.. 1979. Proc. Natl. Acad. Sci. U.S.A. 76 , 2268-2272; Liotta, LA., Tryggvassin, K., Garbisa, S., Gehron- 

35 Robey, P., and Abe, S., 1981. Biochemistry 20 , 100-104: Salo, T. Liotta, L.A., and Tryggvsasson, K., 1983, J. Biol. 
Chem. 258 , 3058-3063). ;in addition, several other members of this collagenase gene family have been described 
recently, including a second type of stromelysin (stromelysin-2), a 92 kilodalton form of type IV collagenase, and Pu- 
tative Uterine Metallo-proteinase (PUMP)-1, a low molecular weight uterine collagenase (Wilheim, S.M., Collier, I.E., 
Marmer, B.L, Eisen, A.Z., Grant, G.A., and Goldberg, G.I, 1 989. J. Biol. Chem. 264 . 17213-17221 ; Woessner ,J. F. 

40 and Talpin. C. J.. 1988. J. Biol. Chem. 263 . 16918-16925). 

The 70 kilodalton type IV collagenase has been closely linked to the metastatic potential of tumors in murine tumor 
models (Liotta, LA., Tryggvasson, K., Garbisa, S., Hart, I., Foltz, CM., and Shafie, S., 1980, Nature , Lond, 284, 67-68) 
and is augmented following H-ras oncogene induced genetic induction of the metastatic phenotype (Muschel, R., Wil- 
liams. J.E.. Lowy. D.R.. and Liotta. LA.. 1985, Amer. J. Pathol. 121 , 1-8; Garbisa, S., Pozzatti, R., Muschel, R.J., 

45 Saffiotti. U.. Ballin, M., Goldfarb, R.H., Khoury, G., and Liotta, LA., 1987. Cancer Res. 47 . 1523-1528). Trypsin treat- 
ment results in activation of the latent enzyme and a concomitant reduction in the molecular mass (Liotta, LA, Tryg- 
gvasson, K., Garbisa, S., Gehron-Robery. P.. and Abe, S., 1981. Biochemistry 20, 100-104). Organomercurial com- 
pounds have also been shown to activate this enzyme, and these are also associated with a reduction in the molecular 
mass (Collier, I.E., Wilheim, S.M.. Eisen, A.Z., Marmer. B.L. Grant, G.A., Seltzzer, J.L, Kronberger, A., He., C, Bauer. 

50 E.A., and Goldberg, G.I., 1 988. J. Biol. Chem. 263. 6579-6587 : Murphy, G., McAlpine, C.G., Poll, C.T., and Reynolds, 
J.J., 1985. Biochem. Biophvs. Acta 831 . 49-58). The activated enzyme cleaves type IV collagen to generate charac- 
teristic 1/4 amino-terminal and 3/4 carboxy-terminal fragments (Liotta, LA., Tryggvasson, K.. Garbis, S., Gehron- 
Robey, P.. and Abe. S. : 1961. Biochemistry 20, 100-104: Collier. I.E., Wilheim, S.M., Eisen, A.Z., Marmer, B.L, Grant, 
G.A., Seltzer, J.L., Kronberger A., He., C, Bauer, E.A., and Goldberg, G.I., 1988, J. Biol. Chem. 263 , 6579-6587: 

ss Fessler, LI.. Duncan. K G.; Fessler. J.H., Salo, T, and Tryggvason, K., 1984. J. Biol. Chem. 259 , 9783-9789). It has 
also been demonstrated that gelatinolytic activity is associated with this enzyme (Collier, I.E., Wilheim, S.M., Eisen. A. 
Z. : Marmer. B.L, Grant, G.A., Seltzer. J.L., Kronberger. A... He., C. Bauer, E.A., and Goldberg, G.I., 1988, J. Biol. 
Chem 263, 6579-6587: Hoyhtya, M., Turpeenniemi-Hujanen, T. : Stetler-Stevenson, W., Krutzsch, H. : Tryggvason, K., 
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and Liotta. l.A. : 1988, FEBS Letters 233 , 109-113; Murphy. G.. McAlpine. C.G.. Poll, C.T.. and Reynolds, J.J., 1985 : 
Biochem. Biophys. Acta 831 , 49-58) as well as a type V collagenolytic activity (Collier I.E.. Wilhelm, S.M. : Eisen, A. 
Z.. Marmer. B.L.. Grant. G.A., Seltzer. J.L.. Kronberger. A.. He.. C. Bauer. E.A., and Goldberg, G.I., 1988. J. Biol. 
Chem. 263 , 6579-6587; Murphy : G., McAlpine, C.G.. Poll, C.T., and Reynolds, J.J., 1985, Biochem. Biophys. Acta B31 , 
5 49-58). 

Type IVcollagenase has been purified from human melanoma cells and sequence information on the intact protein 
amino terminus has been obtained as well as on tryptic and cyanogen bromide peptide fragments (Hoyhtya. M.. 
Turpeenniemi-Hujanen, T. : Stetler-Stevenson : W. : Krutzscrv H., Tryggvason, K. , and Liotta, L.A., 1998, FEBS Letters 
233 : 109-113). The sequence information demonstrates that type IV collagenase shows limited sequence homology 

10 to interstitial collagenase and stromelysin. A recent report has characterized a partial cDNA clone for a metalloprotei- 
nase secreted by H-ras-transformed human bronchial epithelial cells (Collier I.E., Wilhelm, S.M. ; Eisen : A.Z., Marmer, 
B.L, Grant, G.A., Seltzer, J.L, Kronberger, A., He., C, Bauer, E.A., and Goldberg, G.I., 1988, J. Biol. Chem. 263 , 
6579-6587). The transformed bronchial epithelial enzyme is capable of specifically degrading type IV collagen, and 
the deduced amino acid sequence shows identity with that reported for tryptic and cyanogen bromide fragments of 

'5 human tumor IV collagenase (Hoyhtya, M., Turpeenniemi-Hujanen, T, Stetler-Stevenson, W. t Krutzsch, H., Tryggva- 
son, K., and Liotta, L.A., 1 988, FEBS Letters 233 , 109-11 3). Thus, human melanoma cell type IV collagenase appears 
identical with the enzyme from H-ras-transformed bronchial epithelial cells, which is also found in fibroblasts (Collier, 
I.E., Wilhelm, S.M., Eisen, A.Z., Marmer, B.L. Grant, G.A., Seltzer, J.L., Kronberger, A., He., C, Bauer, E.A., and 
Goldberg, G.I., 1988, J. Biol. Chem. 263 , 6579-6587) and bone cell explants (Murphy, G., McAlpine, C.G., Poll, C.T., 

20 and Reynolds, J. J., 1985, Biochem. Biophys. Acta 831 , 49-58). 

The complete amino acid sequence of the zymogen form of the type IV collagenase purified from human melanoma 
cells has now been analyzed and a series of inhibitory synthetic peptides corresponding to a variety of domains of the 
' enzyme have been prepared. These domains include: the 80 residue amino terminus which is cleaved from the proen- 
zyme during activation; a cysteine-rich interior domain: and a histidine-containing region. 

25 Peptides from these domains have been used to generate antibodies against specific domains within the type IV 

collagenase molecule. 

Accordingly, in a first aspect of the invention, there is provided a substantially pure peptide consisting essentially 
of an amino acid sequence having the formula aa 1 -aa 2 -aa 3 -aa 4 -C.' wherein: 

30 aa, is a basic amino acid selected from the group consisting of R and K; 
aa 2 is a polar amino acid selected from the group consisting of K, Q and N; 
aa 3 is a nonpolar amino acid selected from the group consisting of P, A, G, L, I and V: 
aa 4 is a basic amino acid selected from the group consisting of R and K; and 
C is a cysteine having a free suil^ydryl group; 

35 

said peptide further having the ability to inhibit a matrix metalloproteinase. 

In the second aspect of the invention, there is provided a substantially pure peptide consisting essentially of an 
amino acid sequence selected from the group consisting of TMRKPRCGNPDVAN and MRKPRCG, said peptide further 
having the ability to inhibit a matrix metalloproteinase. 
40 in a third aspect of the invention, there is provided a substantially pure peptide containing a binding site specific 

for tumor cells and consisting essentially of an amino acid sequence APSPIIKFPGDVAPKTDKELAVQYLNTFY- 
GCPKESCNLFVLKDTLKKMQKFFGLP QTGDLDQNTIETMRKPRCGNPDVANYNFFP, said peptide further having the 
ability to inhibit a matrix metalloproteinase. 

In a fourth aspect of the invention, there is provided a substantially pure peptide consisting essentially of the amino 
.45 acid sequence AAHE or the sequence VAHE. said peptide further having the ability to inhibit a matrix metalloproteinase. 

In a fifth aspect of the invention, there is provided a substantially pure peptide having the ability to inhibit a matrix 
metalloproteinase and consisting essentially of an amino acid sequence selected from group consisting of: 
VAAHEFGHAMGLEHSQ. VAAHEFGAAMGLEHSQ. 
VAAHELGHSLGLSHST, VAAHEIGHSLGLFHSA, 
50 WAHELTHAVTDYTAG and AAHEEICTTNEGVM. 

In a sixth aspect of the invention, there is provided a substantially pure peptide consisting essentially of an amino 
acid sequence corresponding to amino acid residues 200-370 shown in Figure 1 , said peptide further having the ability 
to inhibit a matrix matalloproteinase. 

In a seventh aspect of the invention, there is provided an antibody elicited in response to the administration of a 
55 peptide according to the invention in any of its first to sixth aspects. 

In an eighth aspect of the invention, there is provided a pharmaceutical composition comprising an effective amount 
of a peptide according to the invention in any of its first to sixth aspects to inhibit a matrix metalloproteinase and a 
pharmaceutical^ acceptable carrier 
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In a ninth aspect of the invention, there is provided an isolated DNA. sequence coding for a peptide according to 
the invention in any of its first to sixth aspects or a variant thereof. 

In a tenth aspect of the invention, there is provided a vector containing a DNA sequence according to the invention 
in its ninth aspect. 

5. in an eleventh aspect of the invention, there is provided a microbial host transformed by a vector according to the 

invention in its tenth aspect. 

In a twelfth aspect of the invention, there is provided a process for the preparation of a peptide according to the 
invention in any of its first to sixth aspects comprising culturing a transformed microbial host according to the invention 
in its eleventh aspect under conditions suitable for the expression of said peptide and recovering said peptide. 
10 In a thirteenth aspect of the invention, there is provided a peptide according to the invention in any of its first to 

sixth aspects made by a process according to the invention in its twelfth aspect. 

in a fourteenth aspect of the invention, there is provided the isolated DNA sequence shown in Figure 13. 

In a fifteenth aspect of the invention, there is provided a composition according to the invention in its eighth aspect 
formulated for use in a method of inhibiting a matrix metalloproteinase in a mammal and, preferably, for use in a method 
is of treating a mammal for a degenerative process arising from activity of a matrix metalloproteinase. 

In a sixteenth aspect of the invention, there is provided a composition for providing a metalloproteinase-inhibiting 
peptide to a mammal, characterised in that said composition includes a vector according to the invention in its tenth 
aspect in an amount sufficient for said vector to be expressed to produce said metalloproteinase-inhibiting peptide. 

In a seventeenth aspect of the invention, there is provided the use of a peptide according to the invention in any 
20 of its first to sixth aspects for the manufacture of a medicament for use in a method of inhibiting a matrix metallopro- 
teinase in a mammal. 

Further preferred embodiments of the invention in any of its various aspects are as defined in the subclaims. 

For contracting state ESpniy various aspects of the invention and preferred embodiments of these aspects are 
set out in the attached set of claims identified as being for effect in that state. 
- 25 in the present invention, the antibodies, direct amino acid sequence analysis, and peptides have been used to 

determine a) the region of the enzyme involved in binding and interaction with the substrate, and b) the structure ol 
the major type IVcollagenase conversion product produced during zymogen activation with the organomercurial com- 
pound p-aminophenylmercuric acetate. 

It was discovered that type IV collagenase proenzyme activation by an organomercurial compound, pAPMA, is 
30 accompanied by an autocatalytic removal of an 80 amino acid amino terminal fragment, resulting in a stable, active 
enzyme species of 62 kDa. Furthermore, these data show that type IV collagenase shares not only sequence homology 
but functional domain identity with the amino terminal regions of other extracellular matrix degrading metalloprotein- 
ases. 

As shown in Figures 8 and 9, below, an amino terminal peptide (residues 1-80) is cleaved off during type IV col- 

35 lagenase activation. This discovery raised the possibility that this peptide contains an intrinsic enzyme inhibitor which 
blocks the active site and renders the enzyme inactive. Removal of this amino terminal segment during activation thus 
would remove this inhibitor and exposes the active site. The critical region involved in the inhibition is the region en- 
closed in a box in Figure 10 which contains an unpaired cysteine residue. This region shows a conserved nature in 
the other matrix metalloproteinases, and it has a high probability of beta turn conformation by Chou Fassman analysis. 

40 Furthermore, it was reasonable to hypothesize that the unpaired cysteine residue in this sequence interacted in a 
noncovalent fashion with the metal ion in the active site of the enzyme. Organomercurial activation (it is known that 
APMA binds to sulfhydryl residues) would thus disrupt this interaction and cause a conformational change which would 
separate the inhibitor segment from proximity to the active site. To test this completely novel hypothesis, synthetic 
peptides were prepared which correspond to a series of overlapping regions in the amino terminal residues 1-87. As 

45 shown in Figures 1 1 and 1 2 and Table 2. below, only those peptides incorporating the conserved region containing the 
unpaired cysteine were strongly inhibitory at concentration less than 0. 1 mM. The cysteine was required for the activity. 
These peptides, therefore, constitute a highly novel class of inhibitors for metalloproteinases. 

In summary, the discoveries stemming from this analysis have led to identification of a) a region near the amino 
terminus of type IV procollagenase that constitutes an intrinsic enzyme inhibitor which may block the active site of the 

so enzyme when the enzyme is in a latent state, and b) a region near the middle of the enzyme that is involved in binding 
and interaction with the substrate. Peptides homologous to these regions constitute novel matrix metalloproteinase 
inhibitors. 

FIGURE 1 illustrates the complete amino acid sequence of human type IV procollagenase secreted by tumor cells. 
. FIGURE 2 illustrates a comparison of amino acid homologies between type IV procollagenase and prostromelysin 
55 and procollagenase I organized into domains. 

FIGURE 3 (A) ELISA characterization of antipeptide antibody AM 7. The synthetic peptide corresponding to the 
amino terminal residues 1 through 17 of type IV procollagenase was' synthesized and used an antigen. The peptide- 
bovine serum albumin conjugate was used as coating antigen in this ELISA. 
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(B) ELISA characterization of antipeptide antibody A472-490. The synthetic peptide corresponding to the internal 
residues 472-490 ol type IV procoilagenase was synthesized and used as an antigen. The peptide-bovine serum 
albumin conjugate was used as coating antigen in this ELISA. 

(C) Competition ELISA assays were performed using the appropriate peptide for each antibody. Peptide-bovine 
5 serum albumin was used as coating antigen and free peptides were used as competing antigens. 

(D) Western blots of crude and gelatin -affinity purified type IV procoilagenase. Shown are crude type IV procoila- 
genase immunoblotted with A1-17 (20 uJ of A2058 melanoma cell conditioned media, lane a), purified type IV colla- 
genase immunoblotted with A472-490 (30 ng, lane c). N.B. Although antipeptide antibodies A1-17 and A472-490 are 
not according to the invention, details of their preparation and use are included for general illustration of the methodology 

io~ involved. 

FIGURE 4 illustrates the assay for type IV collagenase binding to its substrate type IV collagen. Purified type IV 
collagenase was used to compete for the binding of labeled type IV collagenase to pepsinized type IV collagen coated 
in microtiter wells (mean +/- S.D.). Saturation of binding is demonstrated in the lower curve using increasing amounts 
of substrate. 

*5 FIGURE 5 illustrates the gelatin zymogram in hibition of type IV collagenase by the designated synthetic peptides. 

The gelatinase activity is visualized as white cleared bands at approximately 70 kDa. The white cleared bands are 
abolished in the presence of the inhibitor. Three replicates are shown. 

FIGURE 6 illustrates an example inhibition of binding of labeled type IV collagenase to type IV collagen by the 
designated peptides. The histidine containing peptide is derived from a region in.fibronectin homologous to the histidine 

20 containing domain of type IV collagenase shown in Figures 2 and 5. The histidine residue is required for binding com- 
petition. 

FIGURE 7 illustrates a time course for pAPMA activation of type IV procoilagenase followed by gelatin zymogram 
and western blotting. 20 u.1 aliquots of A2058 melanoma cell conditioned media were activated in the presence of 1 .0 
mM pAPMA for the indicated times (mih). The reactions were stopped by the addition of EDTA to 10 mM and the 

2S samples were electrophoresed on a 9% acryl amide gel with or without gelatin. The gelatin containing gels were de- 
veloped as zymograms after electrophoresis. The nongelatin containing gels were electrophoretically transferred to 
nitrocellulose and then immunostained with the designated affinity purified antibodies (1 u.g/ml). Loss of the amino 
terminal antigenic domain occurs during the pAPMA induced conversion from the 70 kDa to the 62 kDa form. MWM, 
prestained molecular weight markers. 

30 FIGURE 8 illustrates a time course of pAPMA activation of purified type IV collagenase followed by type IV collagen 

degradation assay. 10 uJ aliquots of purified type IV collagenase (23 u.g/mf) were made 1 mM in pAPMA and preincu- 
bated at 37°C for the indicated times. The samples were then diluted to 60 uJ final volume by the addition of 50 mM 
Tris HCI, 0.1 5 M Nacl. 5 mM Cacl 2 , pH 7.6 3 H-type IV collagen (New England Nuclear) was added and the reaction 
mix allowed to incubate at 37°C for 30 min. Samples were assayed in triplicate. Maximal activity corresponds to 2.8 

35 u.g type IV collagen degraded/h/u.g purified enzyme at 37°C. 

FIGURE 9 illustrates the amino acid sequences of the latent and active forms of type IV procoilagenase as deter- 
mined by direct amino acid sequencing of the purified enzyme. Also shown is the cleavage site of the autocatalysis on 
pAPMA activation. The insert shows the apparent molecular weights on a silver stained NaDodS0 4 -PAGE gel of the 
purified latent (20 ng, lane A) and active enzymes (20 ng, lane B). 

40 - FIGURE 10 illustrates the amino termini (residues 1-110) of type IV procoilagenase (top line), interstitial procoila- 
genase (middle line), and prostromelysin (bottom line). The area of homology just upstream from the cleavage site is 
shown in box A : the cleavage sites following pAPMA activation are shown in box B and the cysteine residues are 
underlined. Additional reported sites of cleavage following pAPMA treatment of interstitial collagenase and stromelysin 
are denoted by asterisks. 

45 FIGURE 11 illustrates the dose dependent inhibition of purified activated type IV collagenase cleavage of pep- 

sinized type IV collagen by the designated synthetic peptides. Peptide TMRKPRCGNPDVAN at a concentration of 0.1 
mM inhibits 80% of the enzyme activity. Higher concentrations abolish all enzyme activity. 

FIGURE 12 illustrates a comparison of peptides tested for enzyme inhibitory activity. The peptides were derived 
from the amino terminal sequence shown in Figure 10. The core sequence PRCG is necessary for inhibitory activity 

so based on the fact that peptides lacking this sequence are devoid of significant inhibitory activity. Further refinement of 
the minimal sequence requirements was accomplished using the peptides listed in Table 2. 

FIGURE 13 illustrates the nucleotide sequence of the portion of a human cDNA clone for human type IV procoi- 
lagenase which encodes the 80 amino acid sequence of the amino terminal peptide that is cleaved from human type 
IV procoilagenase upon activation. 

55 The complete amino acid sequence of the human type IV collagenase is illustrated in Figure 1. This sequence 

reveals that this protein can be divided into a series of domains as shown in Figure 2. A cysteine-rich (12 cysteine 
residues) domain encoded by a segment of approximately 1 kb has no significant homology with other sequenced 
metalloproteinases such as type I collagenase and stromelysin. The cysteine-rich region, however, does show signif- 
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icant homology to fibronectin. The cysteine-rich sequence has never previously been directly tested for its functional 
role in the metalloproteinase activity. Peptides derived from the cysteine-rich region (residues 200-370) inhibited en- 
zyme substrate binding. 

Three other domains of type IV collagenase show significant homologies with other matrix meiajloproteinases 

5 (Figure 2). In particular, a region at residues 371 to 386, designated "MBD" and illustrated in Figure 2 T has closely 
homologous sequences in all three matrix metalloproteinases including thermolysin. In the actual crystallized thermo- 
lysin, this region is related to the putative Zn binding domain of the enzyme. However, the MBD sequence has never 
previously been directly tested for its functional role in the metalloproteinase activity. In the present invention (a) syn- 
thetic peptides derived from these regions, and (b) affinity purified antibodies directed against these regions constitute 

10 inhibitors which block gelatinase and type IV collagenase activity. Furthermore, peptides derived from fibronectin ho- 
mologous to the type IV collagenase domains outlined also inhibit binding of type IV collagenase to its substrates. 

The matrix metalloproteinase inhibitors of this invention can be used in the treatment of inappropriate angiogenesis, 
arthritis, tumor growth, invasion and metastasis, and granulomatous inflammatory conditions such as sarcoidosis. In 
these conditions, it is possible to estimate the amount of enzyme produced and the amount of peptide inhibitor required 

is to inhibit greater than 90% of the active enzyme as shown in Figure 11 . Therapeutic dose of the inhibitory peptide falls 
within an acceptable pharmacologic range of 10-250 mg/kg/d, with a more preferred dosage being 25-100 mg/kg/d. 
The dosage for a given patient will depend on the amount of enzyme produced in the patient, the condition and size 
of the patient. The inhibitors may be given as infusions or by any means which provides ready transmission into the. 
circulation. Lyophilized powders may be "snorted". Preparations for buccal or sublingual administration may also be 

20 given. For respiratory tract involvement, the peptides may be administered by inhalation. Aerosols are particularly 
useful for this purpose. For conditions of the eye, the peptides may be administered as eye drops. 

Histidine Containing Peptide Inhibitors 

25 The synthetic peptide corresponding to residues 371-386 (the MBD region) of type IV collagenase abolished the 

gelatinase and the collagenase type IV activity. This is demonstrated in Figure 5 using gelatin zymograms. Furthermore, 
affinity purified antibodies recognizing these domains also inhibited the gelatinase and collagenase type IV activities. 
The mechanism of action of these peptides was, at least in part, due to their ability to compete for binding of type IV 
collagenase to type IV collagen (Figure 6). 

30 The metalloproteinase peptide inhibitor has a protein peptide having substantial homology with a histidine-con- 

taining domain at residues 371 to 386 of type IV collagenase. The protein peptide inhibits gelatinolytic and collagenolytic 
activities of metalloproteinases. The protein peptide of the metalloproteinase inhibitor contains at least one histidine 
residue for activity and has a sequence selected from the group consisting of VAAHEFGHAMGLEHSQ. VAAHEF- 
GAAMGLEHSQ, VAAHELGHSLGLSHST, VAAHEIGHSLGLFHSA, WAHELTHAVTDYTAG and the fibronectin peptide 

3S AAHEEICTTNEG VM. Since the latter peptide was effective and required the histidine residue, the core sequence AHE 
was determined to be a minimum determinant required for activity. 

By substituting amino acids into conserved residue regions, it was demonstrated that the histidine residues were, 
in part, required for the inhibitory activity of the peptide as shown in Figures 5 and 6. When all three histidines were 
replaced with alanines, the peptide was completely inactive. However, if only the central histidine was replaced by 

<*o alanine, the inhibitory activity was retained. Furthermore, replacement of the two glutamic acid (E) residues with 
glutamine (Q) substantially altered the inhibitory activity of the peptide. These inhibitory peptides bear no homology to 
the cleavage site on the type IV collagen or gelatin substrate. Their mechanism of action involves an interference of 
the enzyme-substrate interaction in a region of the proteinase which can interact with a metal ion : such interaction 
being necessary for substrate cleavage. The active peptide partially inhibited the gelatinolytic activity of thermolysin 

45 under concentrations of the peptide which abolished the type IV collagenase activity. The active peptides failed to 
inhibit a variety of serine and thiol proteases or "non-metalloproteinases" tested, including plasmin and trypsin. 

TABLE 1 is a list of the synthetic histidine-containing peptides, including amino acid substitutions, that have been 
tested as candidates for inhibitors of a matrix metalloproteinase, chosen from the sequence in Figure 1 , based on 
functional studies by the inventors and based on homology comparisons with other metalloproteinases. In TABLE 1 : 

50 peptides 1,4,9 and 12 are according to the invention, whilst the remaining peptides are included as comparative ex- 
amples of the effects of substitution. 
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TABLE 1 



Synthetic Histidine-Containino Peptides Tested 
for Inhibition of Tvpe-IV Collaoenase (X- >C) 



1 . Val-Ala-Ala-His-Glu-Phe-Gly-His-Ala-Met-Gly-Leu- 
Glu-His-Ser-Gln 

2. Val-Ala-Ala-Ala-Glu-Phe-Gly-Ala-Ala-Met-Gly-Leu- 
Glu-Ala-Ser-Gln 

3. Val-Ala-Ala-His-Gln-Phe-Gly-His-Ala-Met-Gly-Leu- 
Gln-His-Ser-Gln 

4 . Val-Ala-Ala-His-Glu-Phe-Gly-Ala-Ala-Met-Gly-Leu- 
Glu-His-Ser-Gln 

5. Val-Ala-Ala-Ala-Glu-Phe-Gly-His-Ala-Met-Gly-Leu- 
Glu-His-Ser-Gln 

6. Val-Ala-Ala-Ala-Glu-Phe-Gly-Ala-Ala-Met-Gly-Leu- 
Glu-His-Ser-Gln 

7. Val-Ala-Ala-His-Glu-Phe-Gly-Ala-Met-Gly-Leu-Glu- 
Ala-Ser-Gln 

8. Val«Ala-Ala-His-Ala-Phe-Gly-His-Ala-Gly-Leu-Ala- 
His-Ser-Gln 

9. Val-Val-Ala-His-Glu-Leu-Thr-His-Ala-Val-Thr-Asp- 
Tyr-Thr-Ala-Gly 

1 0 . Val-Ala-Ala-Glu-Lys-Phe-Gly-Glu-Ala-Met-Gly-Leu- 
Lys-Glu-Ser-Gln 

1 1 . Ala-Ala-His-Glu 

1 2 . Ala-Ala-His-Glu-Glu-Ile-Cys-Thr-Thr-Asn-Glu-Gly- 
Val-Met 

1 3 • Ala-Ala-Ala-Glu-Glu-Ile-Cys-Thr-Thr-Asn-Glu-Gly- 
Val-Met 

1 4 . Thr-Met-Arg-Lys-Pro-Arg-Cys-Gly-Asn-Pro-Asp-Val- 
Ala-Asn-Tyr-Asn-Phe-Phe-Pro-Arg-Lys-Pro-Lys 
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TABLE 1 (continued) 



15. Thr-Met-Arg-Lys-Pro-Arg-Cys-Gly-Asn-Pro-Asp-Val- 
Ala-Asn 

16. Thr-Met-Arg-Lys-Pro-Arg-Ser-Gly-Asn-Pro-Asp-Val- 
Ala-Asn 

17. Arg-Lys-Pro-Arg-Cys-Gly-Asn 

1 8 . Glu-Ser-Cys-Asn-Leu-Phe-Val-Leu-Lys-Asp-Thr-Leu- 
Lys-Met-Gln-Lys 

1 9 . Met-Trp-Cys-Ala-Thr-Thr-Ala-Asn-Tyr-Asp-Asp-Arg- 
Lys-Trp-Gly-Phe-Cys-Pro-Asp-Gln-Gly-Tyr-Ser-Leu 



Methods 

Gelatin Zymogram 

A gelatin zymogram for visualization gelatinase activity was prepared using the stock solutions and mixing proce 
dures below. 



Shock Solutions; 

a) 2M Tris HC1, 
pH 8.8 



Mixing Procedures: 

242 g Tris base in 800 ml 
of dH 2 0, adjust pH to 8.8 
with concentrated HC1 
and dilute to 1 liter 



b) 0.5 M Tris 
pH 6.8 



6.05 g Tris base in 80 ml 
of dH 2 0, adjust pH to 6.8 
with concentrated HC1 and 
dilute to 100 ml 



c) 30% Acrylamide 
with 0.8% 
bisacrylamide, 



To 100 g of acrylamide, 
add 2.4 g of bisacry- 
araide, add enough &H 2 0 
to dissolve acrylamide. 
Dilute to 333 ml and store 
at 4°C in an aluminum foil 
wrapped bottle 



d) 10% SDS. 



Dissolve 100 g of SDS in dH 2 0 
and dilute to 1 liter final 
volume 



e) 10% Ammonium 
persulfate 



To 1 g of ammonium 
persulfate, add dH 2 0 to 10 ml 
final volume. Store at 4°C 



f) 10 X Electrode 
buffer 



Dissolve 144 g glycine in 
600 ml of dH 2 0, add 125 ml of 
2 M Tris HC1, pH 8.8, and 100 
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ml of 10% SDS. Dilute to 
final volume of 1 liter 

5 x Sample buffer . Dissolve 50 mg bromophenol 

blue in 2 . 5 ml of 0.5 M Tris 
HCI, pH 6.8, add 4 ml 10% 
SDS f 2.5 ml of glycerol and 
store at 4°C 



Dissolve 1 g of gelatin in 
100 ml of dH 2 0 by warming 
suspension under running hot 
tap water 

30% methanol, 10% acetic 
acid, 0.1% amido black 10 



30% methanol, 10% acetic 
acid 

Procedure 

The procedure for preparing the gelatin zymogram used for this example utilized the following steps and reagents. 

1 ) Assemble gel forming apparatus. 

2) Prepare resolving gel solution for polymerization: 

9% aery lam ide 40 ml final volume: 
in a 50 ml falcon tube 

12 ml 30% acrylamide, 0.8% bisacrylamide 

0.4mM0%SDS 

7.5 ml 2 M Tris HCI, pH 8.8 

4 ml 1% gelatin 

16mldH20 

3) After mixing, add 0.4 ml 10% ammonium persulfate and mix again. 

4) Initiate polymerization with 40 u.l of TEMED, mix and pour 32 ml of gel solution into the gel form. 

5) Overlay solution with water saturated butanol and allow 30-45 minutes to polymerize. 

6) After polymerization, wash gel surface with dhi 2 0 and allow to. dry. 

7) Prepare stacking gel solution for polymerization: 

3% acrylamide 10 ml final volume: 
to a 15 ml falcon tube add 
2.5 ml 0.5 M Tris HCI. pH 6.8 
0.1 mil 0% SDS 

1 .0 ml 30% acrylamide, 0.8% bisacrylamide 
0.1 ml 10% ammonium persulfate 
5.3mldH 2 0 

8) Initiate polymerization of stacking gel with 40 uJ TEMED and mix. 

9) Pour approximately 6 ml into gel form over polymerized running gel and insert well comb. 

10) Remove air bubbles from the bottom of the comb teeth and add additional gel solution, if needed. 

1 1 ) Allow stacking gel to polymerize 1 5-20 min. 

12) After polymerization, remove comb from stacking gel and add 1 X electrode buffer to both electrode chambers. 

1 3) Remove air bubbles from sample wells and bottom of gel. 

14) Load samples and run electrophoresis at 30 mamps/gel. 

15) After completion of electrophoresis, wash gel in two changes ol 2.5% Triton X-100 tor 60 minutes with gentle 



h) TEMED 

i) 1% Gelatin 



j ) Gel staining 
solution 

B 

k) Destaining 
solution 
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agitation at room temperature. 

1 6) Discard Triton X-1 00 solution and place gel in 1 X collagenase buffer, incubate at 37°C for 2-4 hours or overnight 
at room temperature. 

17) After incubation period, stain gel for 30 minutes in 0.1% amido black and then destain for approximately 90 
minutes. 

18) Zones of clearing correspond to gelatinolytic activity. 



The preparation of separating gels of various concentrations are shown below. 



10 



■is 



20 



25 



30 



3S 



40 ml final volume 




6% 


8% 


9% 


10% 


30% acrylamide, 0.8% bis 
dH 2 0 


8ml 
20ml 


10.6ml 
17.4ml 


12ml 
16ml 


13.3 ml 
14.7ml 



Soluble Collagenase Assay 

The procedure. for the collagenase assay of this example utilized the following preparation. 
A 10 X collagenase buffer was prepared to obtain final concentrations of 0.5 M Tris ; 2.0 M NaCI, 0.05 M CaCI 2 , 
2% Brij 35. To prepare one liter, combine: . 

60.55 gTris 

116.88 g NaCI 

7.35 g Cacl 2 

20 g Brij 35 

Then dissolve in 800 ml of dH 2 Oand adjust the pH to 7.6 with the addition of concentrated HCI. Adjust the final volume 
to 1 liter and filter sterilize. 

A 10 X bacterial collagenase (positive control) was prepared to obtain a final concentration of 0.5% (w/v). This 
involved the dissolving of 1 0 mg of bacterial collagenase (Sigma #C-51 38) in 2 ml of 1 X collagenase buffer and storing 
at -20 ft C in 100 ml aliquots. 

A bovine serum albumin (carrier protein) solution was prepared to obtain a final concentration of 0.5% (w/v) bovine 
serum albumin in 1 X collagenase buffer. This involved the dissolving of 100mg of bovine serum albumin in 20 ml of 
1 X collagenase buffer and storing aliquoted in 1 ml fractions at - 20° C. 

A trichloroacetic acid-tannic acid-proline solution (TCATAP) was prepared to obtain a final concentration of 10% 
TCA, 0.5% tannic acid. 2 mM proline. This involved the combining of 10 ml of 100% trichloroacetic acid solution, 10 
ml of 5% tannic acid solution and 1 ml of 200 mM proline solution, diluting to 100 ml final volume and store at 4°C, and 
replacing this solution every 4 weeks. 



i Procedure 
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SO 



1. Place enzyme sample activator (usually 1 mM pAPMA) and test solution in 1.5 mfEppendorf tube. Combined 
volume must equal 60 u,l. Add 1 X collagenase buffer, if necessary. If necessary, preincubate. 

2. Prepare type IV collagen substrate by diluting stock 3 H-type IV collagen (NEN #NET-931 lot #2511-018) 1:120 
with 1 X collagenase buffer. Heat to 55°C for 10 minutes and cool on ice. 

3. Add 5 ul of diluted 3 H-type IV collagen solution to each assay tube. Vortex to mix and incubate at 28°C for 4 hours. 

4. At the end of the incubation period, add 2 u.l of. carrier BSA solution and 7 ul of TCATAP solution. Vortex mix 
and allow to stand on ice tor at least 10 minutes. 

5. Pellet the precipitate by centrifuging in the microfuge for 10 minutes with the speed set at 6. Orient the tubes 
when placing them in the microfuge in order that the position of the pellet will be known. 

6. Immediately after centrifugation, aspirate 55 ul of the supernatant and place in a scintillation vial. Add 5 ml of 
scintillation cocktail, shake well and count. 



55 



Cysteine Containing Peptide Inhibitors of the amino terminus 

The amino terminal sequence of A2058 melanoma cell type IVprocollagenase (residues 1-17, APSIIKFPGDVAP- 
KTD) as well as that of an internal domain (residues 472-490 : DKPMGPLLVATFNPELPEK) were synthesized for use 
in preparation of monospecific antibodies. These peptides were chosen because they were obtained in the direct 
sequencing of the enzyme (Collier, I.E., Wilhelrn S.M., Eisen, A.Z., Marmer, B.L, Grant, G.A. : Seltzer, J.L, Kronberger, 
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A., He., C, Bauer E.A.. and Goldberg, G.I . 1988, J. Biol. Chem 263 , 6579-6537; Hoyhtya. M., Turpeenniemi-Hujanen. 
t, Stetier-Stevenson, W., Krutzsch, K, Tryggvason. K., and Lioita : L.A., 1988, FEBS Letters 233 . 109-113), were 
confirmed in the predicted sequence from the cDNA clone (Collier. I.E.. Wilhelm. S.M., Eisen. A.Z., Warmer, B.L. Grant, 
G.A., Seltzer, J.L., Kronberger, A.. He... C. t Bauer. E.A. : and Goldberg, G.I., 1986 ; J. Biol. Chem 263 . 6579-6587). and 
are derived from regions which do not show homology with the other metalloproteinases. The affinity purified antibodies 
were characterized using direct ELISA as well as competition experiments. The antibodies showed no cross reactivity 
wrth bovine serum albumin or unrelated peptides. The affinity purified antibodies are capable of immunoprecipitating 
the type IV procollagenase (Hoyhtya. M., Turpeenniemi-Hujanen, T. f Stetler-Stevenson, W., Krutzsch.R, Tryggvason, 
K., and Liotta. LA., 1988 ; FEBS Letters 233 , I09f 113). Western blots demonstrated that both antibodies recognized 
the type IV procollagenase as a single band in A2058 conditioned media identical to the Western blotting with the 
purified type IV collagenase. 

The time course for pAPMA activation was followed using gelatin zymogram analysis : type IV collagenase assays 
and both affinity purified antibodies on immunoblots (Figure 7). Gelatin zymogram (Figure 7) analysis of A2058 melano- 
ma cell type IV collagenase revealed a single band of gelatinolytic activity with a molecular weight of 70 kDa daltons. 
Incubation at 37°C in the presence of 1 mM pAPMA resulted in gradual conversion of this band of gelatinolytic activity 
to a lower molecular mass of 62 kDa. This conversion was completely inhibited in the presence of 10 mM EDTA and 
did not occur in the absence of added pAPMA (not shown). Type IV collagenase assays of the purified type IV procol- 
lagenase revealed no collagenolytic activity in the absence of the organomercurial compound pAPMA during the in- 
cubation period. The enzyme could be activated by preincubation with pAPMA. The time course of activation during 
preincubation with pAPMA as measured by collagenase assay shows that full collagenolytic activity is obtained rapidly 
(Figure 8). Antibody A472-490 demonstrated a time dependent reduction in molecular weight with incubation that 
corresponds to that seen in the gelatin zymograms (Figure 7); This conversion appeared 50% complete by the 60 
minute time point and essentially complete by the 90 minute. Antibody A1-17 corresponding to the amino terminal 
epitope showed a direct reduction in immunostaining during the course of pAPMA activation.. These results indicate 
that the apparent molecular weight reduction following conversion of the latent to a stable, active collagenase with the 
organomercurial compound is the result of the loss of an amino terminal peptide fragment. 

Gelatin-affinity purified type IV procollagenase was further purified by reverse phase HPLC- both before and after 
pAPMA activation. The chromatograms showed essentially no change in the retention times for the latent and active 
forms. When the peaks were collected and analyzed by NaDodS0 4 -PAGE. the procollagenase peak prior to pAPMA 
activation showed a single band at approximately 70 kDa under non-reducing conditions (Figure 9, insert). The colla- 
genase peak after pAPMA activation (16 hours, 37°C) showed a single band at 62 kDa under non-reducing conditions 
(Figure 3A). 

The material obtained from the procollagenase peak on HPLC prior to pAPMA activation was subjected to direct 
amino acid sequencing. This material gave an amino terminal sequence that was identical to that previously determined 
for this enzyme (Figure 9). Direct sequencing of the pAPMA activated material, after HPLC purification, revealed a 
single new amino terminal sequence (Figure 9). This definitively demonstrates that pAPMA activation is accompanied 
by an autocatalytic removal of an amino terminal peptide fragment from the latent enzyme with a reduction in the 
molecular mass of about 8 kD. This cleavage occurs at only a single site as no evidence of any other amino terminal 
amino acids were detected upon sequencing many preparations of the purified, activated enzyme and no evidence of 
intermediates were detected by Western blotting or gelatin zymogram analysis. 

The results of this study demonstrates that type IV. collagenase is secreted in a latent proenzyme form requiring 
activation before obtaining collagenolytic activity. The organomercurial compound pAPMA is capable of this activation. 
Organomercurial activation of type IV procollagenase is accompanied by conversion of the proenzyme form to a lower 
molecular weight, active enzyme form by removal of an 80 amino acid residue peptide fragment from the amino ter- 
minus. Maximum collagenolytic activity is obtained rapidly following exposure to pAPMA. The attainment of this activity 
prior to complete conversion to the stable lower molecular weight form is consistent with a conformational rearrange- 
ment in the zymogen form that results in an active but unstable species, as has been reported for interstitial collagenase 
and strometysin (Stricklin, G.P., Jeffrey, J.J., Roswit, W.T., and Eisen, A.z., 1983, Biochemistry 22, 61-68; Murphy, G. t 
Cockett.M.l., Stephens. P.E.. Smith, B.J., and Docherty, A.J.P., 1987. Biochem. J. 248 . 265-268). Activation occurs 
with highly purified type IV procollagenase enzyme. Thus, the activation in the presence of the organomercurial com- 
pound is autoproteoiytic since pAPMA is itself incapable of peptide bond hydrolysis. This autocatalytic mechanism of 
activation with organomercurial compounds has been demonstrated for other extracellular matrix degrading metallo- 
proteinases, such as interstitial collagenase (Grant, G.A., Eisen, A.Z. : Marmer, B.L., Rosweit, W.T. : and Goldberg, G. 
I. 1987. J. Biol. Chem. 262 , 5886-58B9; Whitman, S.E., Murphy, G., Angel, P., Rahmsforf, H.-J., SMith, B.J., Lyons, 
A.. Harris ! T.J.T., Reynolds. J.J., Herrlich, P. and Docherty, A.J. P. 1986, Biochem. J. 240 , 913-916}. and stromelysin 
(Wilhelm, S.M., Ccllierm. I.E., Kronberger, A.. Eisen, A.Z., Marmer, B.L., Grant, G.A., Bauer, E.. anc Goldberg, G.I., 
1987, Proc. Natl. Acad. Sci. U.S.A. 84, 6725-6729; Whitman, S.E., Murphy, G., Angel, P. ; Rahmsforf, H.-J., SMith; B. 
J. : Lyons, A. : Harris, T.J.T., Reynolds. J.J. : Herrlich, P. and Docherty, A.J. P., 1986, Biochem. J. 240, 913-916; Murphy, 
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G.. Cockett, M.I., Stephens.. P.E., Smith, B.J.. and Docherty, A.J.P. : 1987, Biochem. J. 248. 265-268; Sanchez-Lopez : 
R. : Nicholson. FL Gensel, M.C., Matrisian, L. and Breatnach. R., 1988, J. Breathnach, R., 198S. J. Biol. Chem. 263 , 
11892-11899). These three metalloproteinase, type IV procollagenase, interstitial procollagenase and prostromelysin 
show significant homology at the aminoacid level (Grant, G.A., Eisen : A.Z., Marmer, B.L.. Rosweit : W.T., and Goldberg, 

5 G.I., 1987. J. Biol. Chem. 262 , 5886-5889: Collier, I.E., Wilhelm, S.M., Eisen, A.2. : Marmer, B.L : Grant, G.A., Seltzer, 
J.L, Kronberger, A.. He.. C, Bauer, E.A.. and Goldberg, G.I., 1988, J. Biol. Chem 263 , 6579-6587: Wilhelm. S.M., 
Collierm. I.E.. Kronberger. A.. Eisen, A.Z.. Marmer. B.L.. Grant, G.A.. Bauer. E.,and Goldberg, G.I.. 1 987, Proc. Natl. 
Acad. Sci. U.S.A. 84. 6725-6729: Saua, J., Quinones, S. : Otani, Y, Nagase, H., Harris, E.D., Jr., and Kurkinen, M., 
1988. J. Biol. Chem. 263 , 6742-6745; Whitman, S.E., Murphy, G., Angel, P., Rahmsforf, H.-J. : SMith, B.J., Lyons, A. : 

10 Harris, T.J.T.. Reynolds. J.J., Herrlich, P. and Docherty, ArJ.P, 1986. Biochem. J. 240 , 913-916; Sanchez-Lopez. R. t 
Nicholson, R.. Gensel, M.C., Matrisian, L., and Breatnach, R.. 1988, J. Breathnach, R., 1988, J. Biol. Chem. 263, 
11892-11899). 

When the amino acid sequences lor the amino termini ol these enzymes are aligned for maximum homology 
(Figure 10), two correlations are observed. First, the site of autoproteolysis in type IV collagenase upon activation with 

is pAPMA, which result in a stable, active enzyme, occurs at an identical locus to that previously reported for prostrome- 
lysin activation and the major product of interstitial procollagenase activation (Whitman. S.E.. Murphy, G., Angel, P., 
Rahmsforf. H.-J., SMith, B.J., Lyons, A., Harris, T.J.T., Reynolds. j.J., Herrlich, P. and Docherty, A.J.P., 1986, Biochem. 
J, 240, 913-916: Murphy.'G., Cockett, Ml, Stephens, P.E.. Smith, B.J., and Docherty, A.J.P., 1987, Biochem. J. 248,, 
265-268). Similar sites of autoproteolysis following pAPMA treatment have been reported by others for prostromelysin 

20 (Wilhelm, S.M., Collierm, I.E., Kronberger, A., Eisen, A.Z., Marmer. B.L., Grant, G.A., Bauer, E., and Goldberg, G.I., 
1987. Proc. Natl. Acad. Sci. U.S.A. 84, 6725-6729) and interstitial procollagenase (Grant. G.A., Eisen, A.Z., Marmer, 
B.L, -Rosweit, W.T., and Goldberg, G.I., 1987. J. Biol. Chem. 262 , 5886-5889). Second, the amino terminal peptide 
fragments which are removed during activation of all three enzymes contain an odd number of cysteine residues. In 
type IV procollagenase, three cysteine residues are present in the removed peptide fragment: Cys-31, Cys-36 and 

25 Cys-73. In interstitial procollagenase and prostromelysin, there is a single cysteine residue present in the removed 
peptide fragment that corresponds to Cys-73 in type IV procollagenase. Thus, the conversion from an odd number of 
cysteine residues in the latent metalloproteinase to an even number of cysteine residues in the pAPMA activated form, 
appears to be a common feature in all three enzymes. The removal of an unpaired cysteine may be of functional 
significance. Finally, all three enzymes contain a highly conserved region immediately upstream to the activation locus 

30 consisting of the amino acid sequence PRCGVPDV. This sequence contains the unpaired cysteine residue in the 
propeptides of interstitial collagenase and stromeiysin (Whitman, S.E., Murphy, G., Angel, P., Rahmsforf, H.-J., SMith, 
• B.J., Lyons, A., Harris. T.J.T., Reynolds. J. J., Herrlich, P. and Docherty, A.J.P, 1986. Biochem. J. 240. 913-916) and 
by homology the unpaired cysteine (out of the three present) in the type IV collagenase propeptide. A recent report 
' has shown by site-directed mutagenesis studies of rat transin (homolog of human stromeiysin), the importance of this 

35 conserved region in the auto-activation of this family of metalloproteinases. Recombinant transin forms containing 
mutations in this sequence showed a higher rate of spontaneous activation when compared with the native sequence 
(Sanchez-Lopez. R., Nicholson, R., Gensel. M.C., Matrisian. L, and Breatnach, R., 1988, J. Breathnach. R., 1988, J, 
Biol. Chem. 263 , 11892-11899). 

Therefore, the present inventors have used the gelatin zymogram technique to test a number of small peptides 

40 related to the type IV procollagenase activation locus for their ability to inhibit type IV collagenase enzyme activity. As 
shown in Figures 11 and 12, only those peptides incorporating the conserved region (PRCGVPDV) containing the 
unpaired cysteine were strongly inhibitory at concentration less than 0. 1 mM. The cysteine was required for the activity. 
Table 2 shows that the minimal peptide sequence which retained inhibitor activity was actually the pentapeptide se- 
quence RKPRC. 



45 



50 



55 



TABLE 2 



Minimal Peptide Sequence and Sequence Requirements for Inhibition of Type IV Collagenase. 


Peptide # 


Sequence 


Inhibition^) ; 


74 


TMRKPRCGNPDVAN 


+ 


78 


TMRKPRSGNPDVAN 




•82 




■ KPRCG- 


85 




■MRKMCG+ 


86 

la\. . - . : ik. - 


.^il^alinn nl Ik* nolatin wmnflfRm tAChniauS de£ 


KPFv. -.NP- 

.cribed for Example V. All peptides were tested at 



a tinal concentration.of 1 mg/mL. 



Continuation of the Table on the next page 
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TABLE 2 (continued) 



Minimal Peptide Sequence and Sequence Requirements for Inhibition of Type IV Collagenase. 


Peptide # 


Sequence 


inhibition^) 


88 




RKPRC+ 


93 




RQPRC+ 


94 




RKARC+ 


95 




QKPRC- 


101 




RKPQC- 


106 




KKPRC+ 


107 




RKPKC+ 


108 




RKLRC+ 



10 



15 



a final concentration of 1 mg/mL. 



20 



25 



30 



35 



40 



45 



50 



5S 



The data in Table 2 further demonstrate that peptide inhibitor activity requires specific charged sequence elements 
flanking a critical cysteinyl residue. Specifically, the two arginyl residues of the conserved sequence appeared critical 
for inhibitory activity. Substitution with polar uncharged residues at these positions (R toQ) resulted in loss of activity. 
However, the prolyl and lysyl residues between these two arginyl residues could be replaced with glycyl residues and 
these peptides retained inhibitory activity. This suggests that the lysyl and prolyl residues which may be important for 
the local conformation of this region (Sanchez-Lopez et aL 1 988), do not appear to directly participate in the inhibitory 
interaction. 

Thus the proenzyme fragment of type IV collagenase contains a conserved sequence which is shared with other 
members of the matrix metalloproteinase family. This sequence is capable of inhibiting the activated type IV colla- 
genase. This inhibitor sequence requires the presence of an unpaired cysteinyl residue within a specific flanking peptide 
sequence that contains two positively charged residues at positions -1 and -4 with respect to the essential cysteinyl 
residue. Inhibition of enzyme action by this inhibitor appears to be specific in that it requires two elements for inhibitor 
activity, an unpaired cysteinyl residue within a defined peptide sequence. 

These data support the novel hypothesis that the RKPRC sequence which is present in the proenzyme fragment 
acts as an endogenous inhibitor of the enzyme through interaction of the cysteinyl residue with the metal atom coor- 
dinated at the active site. Furthermore, the sequence that surrounds the unpaired cysteinyl residue appears to promote 
this inhibitory interaction as amino acid substitutions at positions adjacent to the cysteinyl residue can abolish the ability 
of the peptides to block type IVcollagenolytic activity. 

These results can be integrated in a unifying hypothesis for the structure of the latent collagenase gene family 
eTizymes and their activation. The zymogen forms are the result of the proenzyme segment containing the conserved 
sequence MRKPRCGN(V)PDV interacting with the enzyme active site to block catalytic activity. This interaction is 
stabilized through coordination of the zinc atom with the unpaired sulfhydryl side chain of the cysteinyl residue. Thus, 
any agent which disturbs the cysteinyl-metal atom. coordination can result in enzyme activation and subsequent auto- 
catalytic removal of the proenzyme fragment. This can be accomplished by reagents which would directly compete for 
the metal atomsulfhydryl coordination, such as the organomercurial reagents. It might also be accomplished by cha- 
otropic agents which would disturb the conformation of the proenzyme fragment surrounding the critical cysteinyl res- 
idue resulting in disruption.of-the, metal atom coordination. Non proteolytic tissue activators such as that described by 
Tyree et al., 1981 (Archiv. Biochem. Biophys. 208 , 440-443) may also activate these enzymes by a similar mechanism 
of induced conformational rearrangement, as has been proposed. 

A further aspect of the present invention is exemplified by the propeptide sequence 1-80 of the type IV procolla- 
genase enzyme, which contains the intrinsic inhibitor sequence RKPRC incorporating an unpaired cysteine residue. 
In addition, the amino terminal end oUhis 80 amino acid peptide contains an internal disulfide bond, and this peptide 
also contains a tumor cell surface binding site. The 80mer peptide, made either by synthetic chemistry or by recombinant 
means, for example, may therefore have advantages as an inhibitor for at least three reasons., Firstly, its inhibitory 
activity on a molar basis can be higher than a peptide because the secondary structure of the inhibitory sequence is 
accurately reproduced. Secondly the recombinant 80mer protein has greater stability (longer half life) in vivo due to 
the presence of the disulfide bond at the amino terminus. Thirdly, since the 80mer contains a cell binding site it can 
target tc -he surface of the tumor cells where the deleterious proteolysis event is taking place. Figure ■ 3 illustrates the 
nucleotide sequence of the portion of a human cDNA clone for human type IV procollagenase which encodes the 80 
amino acid sequence of the amino terminal peptide that is cleaved from human type IV procollagenase upon activation. 
A DNA segment having this nucleotide sequence (or any other sequence specifying the same amino acid sequence 
according to the universal genetic code) can be used in various recombinant protein production systems to produce 
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the 80mer for use as an inhibitor of matrix metalloproteinases. Alternatively, the DNA segment having this nucleotide 
sequence, which is derived from the human genome, can be delivered into a mammal as pari of a recombinant ex- 
pression vector to provide an internal genetic source of production ol the 80mer inhibitor of matrix metalloproteinases. 

5 Methods 

Culture Methods 

Human A2058 melanoma cells were grown to 80% confluence in DMEM with 10% fetal bovine serum. The media 
10 was then replaced with serum-free DMEM and the culture continued for 24 hours. The serum-free conditioned media 
was collected and concentrated by ultrafiltration (Amicon YM 30 membrane) prior to storage at -20°C. 

Purification of Type IV ProcollaQenase 

15 Type IV procollagenase was purified directly from human A2058 melanoma cell concentrated conditioned media 

by gelatin-Sepharose (Sigma) affinity chromatography in 0.05 M Tris HCI, 0.005 M CaCI 2: 0.5 M NaCI, pH 7.6 buffer 
(TCS buffer) containing 0.02% Brij 35 (Sigma). The enzyme was elyted using TCS buffer containing 0.02% Brij plus 
7% dimethyl sulfoxide. The sample was then concentrated and stored in the same buffer at -70°C until use. Type IV 
procollagenase was further purified by reverse-phase HPLC prior to amino acid sequence analysis on a Dionex A1 400 

20 system equipped with a 0.46 X 10 cm RP300 column (Pierce Co.) equilibrated in 0.1% trifluoroacetic acid. The column 
was eluted with a linear gradient to a 60% acetonitrile. 

Preparation of Antibodies to Synthetic Peptides 

25 The peptides used in the immunization procedures were synthesized on a Biosearch 9600 peptide synthesizer. 

Antibodies were prepared and purified as described for Example 3. The antibody preparations were characterized by 
ELISA using a commercial ELISA kit (Kirkegaard and Perry Laboratories) Immulon 2 plates (Dynatech, Inc.) as shown 
in Figure 3. 

30 Activation of Type IV Procollagenase by Orqanomercurials 

Stock solutions of 0.01 M p-APMA in 0.05 N NaOH were prepared fresh daily. Proenzyme samples were incubated 
with a final concentration 0.5 or 1.0 mM p-APMA for varying times (0-16 hours) at 37°C. Following incubation, the 
samples were analyzed directly by NaDodS0 4 -PAGE on 9% acrylamide gels containing 0.1% gelatin (gelatin zymo- 
35 gram).. Alternatively, the samples were run on 9% NaDodS0 4 -PAGE and electroblotted onto Immobilon P membranes 
(Millipore). 

Assays for Type IV CollaQenolvtic Activity 

40 Type IV collagenase activity was assayed in the presence of inhibitory peptides as described for Example 1. The 

substrate used was ^H-propionylated, human type IV collagen (New England Nuclear). The reactions were carried out 
at 28°C for 4 to 16 hours. 

EXAMPLE 3 

45 

Antibodies Recognizing Metalloproteinase Peptides 

Synthetic peptides corresponding to a series of domains of Type IV procollagenase extending from the amino 
terminus (residues 1-17), to an internal domain near the carboxy terminus (residues 472-490) (Figure 1 , Table 3) were 
so used as antigens to generate affinity purified polyclonal antibodies which recognized their respective domains on the 
native type IV procollagenase. 



55 



15 



EP0 462 182 B1 



TABLE 3 

Synthetic Peptides Used as Antigens 
for Matrix Metalloproteinase (N->C) 

1 . Ala-Pro-ServPro-Ile-Ile-Lys-Phe-Pro-Gly-Asp-Aia- 
Pro-Lys-Thr-Asp-Lys 

2. Glu-Leu-Ala-Val-Gln-Tyr-Leu-Asn T Thr-Phe-Tyr-Gly- 
Cys-Pro-Lys 

3 . Asn-Thr-Phe-Tyr-Gly-Cys-Pro-Lys-Glu-Ser-Cys-Asn- 
Leu-Phe-Val-Leu-Lys 

4 . Glu-Ser-Cys-Asn-Leu-Phe-Val-Leu-Lys-Asp-Thr-Leu- 
Lys-Met-Gln-Lys 

5 . Phe-Phe-Gly-Leu-Pro-Gln-Thr-Gly-Asp-Leu-Asp-Gln- 
Asn-Thr-Ile-Glu 

6 . Thr-Met-Arg-Lys-Pro-Arg-Cys-Gly-Asn-Pro-Asp-Val- 
Ala-Asn 

7 . Thr-Met-Arg-Lys-Pro-Arg-Cys-Gly-Asn-Pro-Asp-Val- 
Ala-Asn-Tyr-Asn-Phe-Phe-Pro-Arg-Lys-Pro-Lys 

8. Arg-Lys-Pro-Arg-Cys-Gly-Asn 

9. Asn-Pro-Asp-Val-Ala-Asn-Tyr-Asn-Phe-Phe-Pro-Arg- 
Lys-Pro-Lys-Trp-Asp-Lys-Asn-Gin 

I 0 . Met-Ile-Asn-Phe-Gly-Arg-Trp-Glu-His-Gly 

I I . Lys-Tyr-Gly-Phe-Cys-Pro-Glu-Thr-Ala 

1 2 . Met-Ser-Thr-Val-Gly-Gly-Asn-Ser-Glu-Gly-Ala 

13. Met-Trp-Cys-Ala-Thr-Thr-Ala^Asn-Tyr-Asp-Asp-Arg- 
Lys-Trp-Gly-Phe-Cys-Pro-Asp-Gln-Gly-Tyr-Ser-Leu 

14 . ^ Val-Ala-Ala-His-Glu-Phe-Gly-His-Ala-Met-Gly-Leu- 
Glu-His-Ser-Gin 

1 5 . Ala- Ala-His-Glu 

1 6 . Asp-Ly s-Pro-Met-Gly-Pro-Leu-Leu-Val-Ala-Thr-Phe- 
Trp-Pro-Gln-Leu-Pro-Glu-Lys 

N.B. Peptide 6 is according to the invention, the remaining peptides are included tor the sake of comparison only. 

Enzyme-linked immunosorbentassays (EL1SA) were used to demonstrate that antibody binding to solid phase synthetic 
peptides could be competed by solution phase peptides, and that each affinity purified antibody was monospecific 
(Figure 3). Western immunoblotting studies of the time course of organomercurial activation process demonstrated 
that the antibodies recognized the solid phase enzyme in purified form, or among a complex mixture of proteins secreted 
by tumor ceils in culture (Figure 3). Western blotting also indicated a direct loss of the amino terminal domain (residues 
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1-80) during the conversion to the lower molecular weight torm (Figure 7). Thus, antibodies which recognize peptide 
domains in the first 1-80 amino terminal residues could be used to distinguish the latent from the active form of the 
enzyme. Antibodies recognizing peptides in Table 3 were demonstrated to be useful in solid phase or solution phase 
direct or competition immunoassays to detect type IV collagenase antigen in human serum and human urine. Such 
body fluid assays are useful for diagnosis of localized or metastatic cancer. The anti-peptide antibodies were also 
demonstrated to be useful in the diagnosis of human colon carcinoma by immunohistology (Table 4). 

Table 4 is a summary of an immunohistology case review of human colon cancer cases demonstrating, that anti- 
bodies directed against the peptides in Table 3 can be used to identify enzyme antigen associated with malignant tumor 
cells. 



TABLE 4 





TYPE IV COLLAGENASE IMMUNOREACTIVITY ANTI-PEPTIDE ANTIBOBY 


TISSUE 


POSITIVE/TOTAL 


15 


NORMAL GASTRIC MUCOSA 


0/20 




GASTRIC CARCINOMA 






- CONFINED TO MUCOSA 


18/20* 




INVADING THE SUBMUCOSA 


20/20* * 


20 


INVADING FULL THICKNESS 


20/20* * 


NORMAL COLORECTAL MUCOSA 


0/10 




NEOPLASTIC COLONIC POLYPS 


1/10 




COLORECTAL CARCINOMA 






CONFINED TO MUCOSA 


1/10* 


25 


INVADING THE SUBMUCOSA 


8/10* * 




INVADING FULL THICKNESS 


18/20* * 



* 10-30% TUMOR CELL REACTIVITY 



" 50-80% TUMOR CELL REACTIVITY 



Methods 
Protein Peptides 

Synthesis of the protein peptides was carried out on a Biosearch Model 9600 peptide synthesizer using standard 
Merrifield solid-phase peptide synthesis protocols. The primary sequence synthesized was VAAHEFGHAMGLEHSQ 
which corresponds exactly to residues 371-386 in human type IV collagenase as shown in Figure 1 . The three His and 
the two Glu residues were replaced'in various combinations with Ala residues and the effect of this substitution on the 
type IV collagenase and zymogram gelatinase activity was investigated. 

Preparation of Antipeptide Antibodies 

The preparation of antipeptide antibodies utilized the following steps. 

Conjugation of the peptide to BSA: To make the peptide antigenic, it must be covalently bound to BSA or another 
antigenic protein. To 2 mg of peptide is added one ml of PBS, and to 6 mg of BSA is added 4 ml of PBS. These solutions 
are combined and 5 ml of 0.25% glutaraldehyde solution is then added to this mixture. The resulting solution is stirred 
at room temperature for 4 hours, then dialyzed against 1 liter of PBS overnight at room temperature. The next day, the 
solution is concentrated to 6 ml and dispensed in 1 ml aliquots for immunization. 

Immunization of rabbits: To ensure as much as possible high titers of antibody, all immunizations should be carried 
out using complete Freund's adjuvant. For the first two injections, 1 ml of BSA-peptide conjugate and 1 ml of CFA are 
emulsified and two rabbits are injected s.c. on the back with 1 ml of emulsion at approximately 30 sites. After the second 
injection, 0.5 ml of conjugate solution is diluted with 0.5 ml of PBS when making the emulsion. Immunizations are done 
every two weeks; a bleeding is done prior to immunization, and against the weeks between injections, beginning with 
the third or fourth injection. 

Preparation of peptide antibody affinity resin: Once the anti-peptide antibody serum becomes available, the next 
step is to do an affinity purification step. In the first step, a peptide affinity resin is. prepared. Approximately 10-12 ml 
of Affi-Gel 10 (BioRad Co.) is quickly washed 3X with 40 ml of cold PBS, and resuspended in cold PBS to give a total 
volume of about 20 ml. At the same time, 2 mg of peptide is dissolved in 1 ml of PBS, and added to the Affi-Gel 
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suspension with immediate mixing. The resulting mixture is gently agitated overnight in the cold. The next day, sufficient 
1 M Tris HCI, pH 8.0, is added to make a 0.2 M solution, and the gel agitated an additional 4 hours in the cold. The gel 
is ready lor antibody adsorption after washing 3X with 40 ml of PBS. 

Affinity purification of antibody: The antibody-containing serum is heated at 56°C for 30 minutes, cooled and mixed 

5 with the peptide resin, which was previously allowed to settle and had excess PBS poured off. After gentle agitation 
overnight in the cold, the gel suspension is poured into a column and washed with two gel volumes of cold 1 M acetic 
acid followed by 1 gel volume of PBS. The antibody eluate is taken to approximately pH 7.0 with 6 N NaOH, and the 
resulting solution is diaflo (YM-30) concentrated to about 5 ml, with buffer exchanged to PBS. 

Coupling antibody to resin: The procedure is much the same as above, except that antibody coupling is allowed 

10 to go only 1 hour before Tris is added to stop the reaction and cap up unused active sites. 

Immunoassays: Enzyme-linked immunosorbent assays, Western blotting studies, and immunohistology was con- 
ducted using standardized, well-accepted methods. 

Polyclonal or monoclonal antibodies to the peptides chosen and purified as described above can be labeled with 
suitable radioactive, enzymatic or fluorescent labels by conventional methods, which should be apparent to those 

»s skilled in the art. Immunologic assays employing peptides and antibodies described herein can be applied to biologic 
samples of any type including body fluids, tissue extracts, or tissue sections, using conventional immunologic methods 
and with the aid of unlabeled, bound, or unbound antibodies or peptides. Antibodies or peptides can be coupled to 
suitable solid phase supports such asmicro-titer wells. The described anti-peptide antibodies for type IV collagenase • 
have significant advantages over antibodies made against native whole enzyme (Tryggvason, K. and Liotta. L.A. United 

20 States Patent 4,677,058). Firstly, they recognize specific domains unique to type IV collagenase which are not homol- 
ogous to other prevalent metalloproteinases. This is non-obvious and overcomes a significant problem in that large 
proportions of the amino acid sequence of type IV collagenase is highly homologous or even identical with other met- 
alloproteinases as shown in Figure 2. Antibodies made against the peptides in Table 3 distinguish type IV collagenase 
from other metalloproteinases and furthermore can distinguish activated from latent enzyme. This latter feature is very 

25 important because pathologic situations could exist in which the ratio of latent to activated enzyme is the determining 
factor in disease diagnosis or prognosis. 

The foregoing invention has been described in some detail for purposes of clarity and understanding. It will also 
be obvious to one skilled in the art that various changes and combinations in form and detail can be made without 
departing from the scopeof the invention. In particular, it is obvious to those skilled in the art that modifications in the 

30 flanking sequences of the peptide inhibitors described herein may alter stability activity, or specificity toward individual 
members of the metalloproteinase family. For example, the choice of the specific sequences to the left of the activation 
associated cleavage site indicated in Figure 10 may cause the inhibitor to preferentially inhibit stromelysin or type I 
collagenase compared to type IV collagenase. This is because this region of the sequence shows some variability 
between the different matrix metalloproteinase types. It is further obvious that certain substitutions of amino acid choices 

35 in non-critical regions of the peptides may not significantly alter the inhibitory properties of the peptide. In the case of 
synthetic peptides to be used as immunogens or antigens for antibodies specific for a matrix metalloproteinase. one 
skilled in the art will understand that a unique amino acid sequence in terms of recognition by an antibody binding site 
consists of a sequence of from four to six amino acids which is not known to exist in another protein in the environment 
for which the antibody is to be used (e.g., human biological specimens. Finally, it is known in the art that recombinant 

40 protein peptides can have activity comparable to natural peptides or synthetic peptides. The embodiments of the in- 
vention can therefore obviously be produced using suitable DNA segments inserted into appropriate expression vectors 
as well by synthetic peptide chemistry or isolation from natural sources where available. In any case, the peptides of 
this invention may be purified according to a variety of standard methods well known in the art. 

45 

Claims 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK FR, GB, IT, LU, NL, SE 

so 

1. A substantially pure peptide consisting essentially of an amino acid sequence having the formula aa r aa 2 -aa 3 - 
aa 4 -C, wherein: 

aa, in a basic amino acid selected from the group consists 5 of R and K: 
55 aa 2 is a polar amino acid selected from the group consisting of K, Q, and N 

aa 3 is a nonpolar amino acid selected from the group consisting of P, A, G, L, I and V; 
aa 4 is a basic amino acid selected from the group consisting of R and K: and 
C is a cysteine having a tree sulfhydryl group; 
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said peptide further having the ability to inhibit a matrix metalloproteinase. 

2. The peptide of claim 1 wherein said amino acid sequence is RKPRC. 

3. The peptide of claim 1 wherein said amino acid sequence is selected from the group consisting of RQPRC, RKARC, 
KKPRC, RKPKC and RKLRC. 

4. A substantially pure peptide consisting essentially of an amino acid sequence selected from the group consisting 
of TMRKPRCGNPDVAN and MRKPRCG : said peptide further having the ability to inhibit a matrix metalloprotei- 
nase. 

5. A substantially pure peptide containing a binding site specific for tumor cells and consisting essentially of an amino 
acid sequence APSPIIKFPGDVAPKTDKELAVQYLNTFYGCPKESCNLFVLKDTLKKMQKFFGLPQTG DLDQNTI- 
ETMRKPRCGNPDVANYNFFP. said peptide further having the ability to inhibit a matrix metalloproteinase. 

6. A substantially pure peptide consisting essentially of the amino acid sequence AAHE or the sequence VAHE : said 
peptide further having the ability to inhibit a matrix metalloproteinase. 

7. A substantially pure peptide having the ability to inhibit a matrix metalloproteinase and consisting essentially of an 
amino acid sequence selected from the group consisting of: 

VAAHEFGHAMGLEHSO, . VAAHEFGAAMGLEHSQ, 
. VAAHELGHSLGLSHST, VAAHEIGHSLGLFHSA, 
WAHELTHAVTDYTAG and AAHEEICTTNEGVM. 

8. A substantially pure peptide consisting essentially of an amino acid sequence corresponding to amino acid residues 
200-370 shown in Figure 1, said peptide further having the ability to inhibit a matrix metalloproteinase. 

9. An antibody elicited in response to the administration of the peptide claimed in any of claims 1-8. 

10. A pharmaceutical composition comprising an effective amount of the peptide claimed in any of claims 1 -8 to inhibit 
a matrix metalloproteinase and a pharmaceutically acceptable carrier. 

11. The composition of claim 10 which is formulated for inhalation. 

12. The composition of claim 10 which is a lyophilized powder. 

13. The composition of claim 10 which is an inclusion complex adapted for peroral or sublingual administration. 

14. An isolated DNA sequence coding for the peptide of any of claims 1 and 4-8 or a variant thereof. 

15. A vector containing the DNA sequence of claim 14. 

16. A microbial host transformed by the vector of claim 15. 

17. A process for the preparation of the peptide of any of claims 1 and 4-8 comprising cufturing the transformed micro- 
bial host of claim 16 under conditions suitable for the expression of said peptide and recovering said peptide. 

18. The peptide of any of claims 1 and 4-8 made by the process of claim 17. 

19. An isolated DNA sequence shown in Figure 13. 

20. A composition as claimed in claim 10 formulated for use in a method of inhibiting a matrix metalloproteinase in a 
mammal and, preferably, for use in a method of treating a mammal for a degenerative process arising from activity 
of a matrix metalloproteinase. 

21. A composition as claimed in claim 20 formulated for administration sublingual^, perorally, or as an intravenous 
infusion. 
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22. A composition as claimed in claim 20 (or use in treating a degenerative process occurring in the respiratory tract, 
wherein said composition is formulated for administration by inhalation. 

23. A composition for providing a metalloproteinase-inhibiting peptide to a mammal, characterised in that said com- 
position includes the vector according to claim 1 5 in an amount sufficient for said vector.to be expressed to produce 
said metalloproteinase-inhibiting peptide. 

24. Use of a peptide as claimed in any of claims 1 -8 for the manufacture of a medicament for use in a method of 
inhibiting a matrix metalloproteinase in a mammal. 



Claims for the following Contracting State : ES 

1. A process for preparing a substantially pure peptide consisting essentially of an amino acid sequence having the 
is formula aa 1 -aa 2 -aa 3 -aa 4 -C 1 wherein: 

aa, is a basic amino acid selected from the group consisting of R and K; 
aa 2 is a polar amino acid selected from the group consisting of K, Q, and N; 
aa 3 is a'nonpolar amino acid selected from the group consisting of R A, G, L, I and V; 
20 aa 4 is a basic amino acid selected from the group consisting of R and K: and 

C is a cysteine having a free sulfhydryl group; 

said peptide further having the ability to inhibit a matrix metalloproteinase; and wherein the process comprises 
inserting a DNA segment coding for the peptide into an expression vector and expressing the peptide, forming the 
25 pepetide by synthetic peptide chemistry, or isolating the peptide from a natural source. 



2. A process as claimed in claim 1 wherein said amino acid sequence is RKPRC. 

3. A process as claimed in claim 1 wherein said amino acid sequence is selected from the group consisting of RQPRC. 
30 RKARC, KKPRC, RKPKC and RKLRC. 

4. A process for preparing a substantially pure peptide consisting essentially of an amino acid sequence selected 
from the group consisting of TMRKPRCGNPDVAN and MRKPRCG. said peptide further having the ability to inhibit 
a matrix metalloproteinase, wherein the process comprises inserting a DNA segment coding for the pepetide into 

35 an expression vector and expressing the peptide, forming the peptide by synthetic peptide chemistry, or isolating 

the peptide from a natural source. 

5. A process for preparing a substantially pure peptide containing a binding site specific for tumor cells and consisting 
essentially of an amino acid sequence APSPIIKFPGDVAPKTDKELAVQYLNTFYQCPKESCNLFVLKDTLKKM- 

40 QKFFGLP QTGDLDQNTIETMRKPRCGNPDVANYNFFP, said peptide further having the ability to inhibit a matrix 

metalloproteinase, wherein the process comprises inserting a DNA segment coding for the peptide into an expres- 
sion vector and expressing the peptide, forming the peptide by synthetic peptide chemistry, or isolating the peptide . 
from a natural source. 

.45 6. A process for preparing a substantially pure peptide consisting essentially of the amino acid sequence AAHE or 
the sequence VAHE, said peptide further having the ability to inhibit a matrix metalloproteinase, wherein the process 
comprises inserting a DNA segment coding for the peptide into an expression vector and expressing the peptide, 
forming the peptide by synthetic chemistry, or isolating the peptide from a natural source. 

.50 7. A process for preparing a substantially pure peptide having the ability to inhibit a matrix metalloproteinase and 
consisting essentially of an amino acid sequence selected from the group consisting of: 
VAAHEFGHAMGLEHSQ. ~ VAAH E FG AAMG LE H SQ , 
VAAHELGHSLGLSHST, VAAHEIGHSIGLFHSA, 
WAHE LTH AVTDYTAG and AAHEEICTTNEGVM, 
ss wherein the process comprises inserting a DNA segment coding for the peptide into an expression vector and 

expressing the peptide, forming the peptide by synthetic chemistry, or isolating the peptide from a natural source. 

8. A process for preparing a substantially pure peptide consisting essentially of an amino acid sequence correspond- 
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ing to amino acid residues 200-370 shown in Figure 1. said peptide further having the ability to inhibit a matrix 
metalloproteinase, wherein the process comprises inserting a DNA segment coding lor the peptide into an expres- 
sion vector and expressing the peptide ; forming the peptide by synthetic chemistry, or isolating the peptide from 
a natural source. 

5 

9. A process for raising an antibody responsive to a peptide as defined in any one of claims 1 -8 wherein use is made 
of a peptide as defined in any one of claims 1-8. 

10. A process for preparing a pharmaceutical composition comprising an effective amount of a peptide as defined in 
10 any one of claims 1 -8 to inhibit a matrix metalloproteinase and a pharmaceutical^ acceptable carrier, wherein said 

process comprises admixing a peptide as defined an any one of claims 1-8 with a pharmaceutically acceptable 
carrier. 

11 . A process as claimed in claim 10, wherein said peptide is prepared by a process as claimed in any one of claims 1 -8. 

12. A process as claimed in claim 10 or claim 11, wherein the composition is formulated for inhalation. 

13. A process as claimed in claim 10 or claim 11 , wherein the composition is a lyophilized powder. 

20 14. A process as claimed in claim 10 or claim 11 , wherein the composition is an inclusion complex adapted for peroral 
or sublingual administration. 

15. A process for preparing an isolated DNA sequence coding for a peptide as defined in any one of claims 1 and 4-8 
or a variant thereof, comprising forming and isolating said sequence. 

25 

16. A process for preparing a vector comprising inserting a DNA sequence prepared by a method as claimed in claim 
1 5 into a vector. 

17. A process for transforming a microbial host comprising introducing a vector prepared by a method as claimed in 
30 claim 16 into said host. , s 

18. A process for the preparation of a peptide as defined in any one of claims 1 and 4-8 comprising culturing a trans- 
formed microbial host prepared by a method as claimed in claim 17 under conditions suitable for the expression 
of said peptide and recovering said peptide. 

35 

19. A process for preparing an isolated DNA sequence as shown in Figure 13 comprising forming and isolating said 
sequence. 

20. A process as claimed in claim 10 wherein the composition is formulated for use in a method of inhibiting a matrix 
40 metalloproteinase in a mammal and, preferably, for use in a method of treating a 'mammal for a degenerative 

process arising from activity of a matrix metalloproteinase. 

21. A process as claimed in claim 20 wherein the composition is formulated for administration sublingualis perorally, 
or as an intravenous infusion. 

4S 

22. A process as claimed in claim 20 wherein the composition is for use in treating a degenerative process occurring 
in the respiratory tract, and is formulated for administration by inhalation. 

23. A process for forming a composition for providing a metalloproteinase inhibiting peptide to a mammal, comprising 
so admixing a vector prepared by a method as claimed in claim 15 in an amount sufficient for said vector to be 

expressed to produce said metalloproteinase-inhibiting peptide, with a pharmaceutically acceptable carrier. 
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Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, Li, DE, DK, FR, GB, IT, LU, NL, SE 

1 . im wesentlichen reines Peptid, bestehend im wesentlichen aus einer Aminosauresequenz mit der Formel aa., -aa 2 - 
aa 3 -aa 4 -C. wobei 



10 



15 



aa 1 


eine 


aa 2 


eine 


aa 3 


eine 


aa 4 


eine 


C 


ein 2 
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wobei das Peptid auGerdem die Fahigkeit zum Hemmen einer Matrix-Metailoproteinase besitzt. 

2. Peptid nach Anspruch 1, wobei die Aminosauresequenz RKPRC ist. 

3. Peptid nach Anspruch 1 , wobei die Aminosauresequenz aus der Gruppe ausgewahlt ist, die aus RQPRC, RKARC, 
KKPRC, RKPKC und RKLRC ausgewahlt ist. 

4. Im wesentlichen reines Peptid, bestehend im wesentlichen aus einer Aminosauresequenz, die aus der aus TMRK- 
PRCGNPDVAN und MRKPRCG bestehenden Gruppe ausgewahlt ist, wobei das Peptid au&erdem die Fahigkeit 
zum Hemmen einer Matrix-Metailoproteinase besitzt. 

30 5. Im wesentlichen reines Peptid, das eine fur Tumorzellen spezifische Bindungsstelle hat und im wesentlichen aus 
einer Aminosauresequenz 

APSPIIKFPGDVAPKTDKELAVQYLNTFYGCPKESCNLFVLKDTLKKMQKFFGLP QTGDLDQNTIETMRKPRCGN- 
PDVANYNFFP 

besteht, wobei das Peptid auGerdem die Fahigkeit zum Hemmen einer Matrix-Metailoproteinase besitzt. 

35 

6. Im wesentlichen reines Peptid, das im wesentlichen aus der Aminosauresequenz AAHE oder der Sequenz VAHE 
besteht, wobei das Peptid auGerdem die Fahigkeit zur Hemmung einer Matrix-Metailoproteinase besitzt. 

7. Im wesentlichen reines Peptid mit der Fahigkeit zur Hemmung einer Matrix-Metailoproteinase und im wesentlichen 
40 bestehend aus einer Aminosauresequenz, die aus der folgenden Gruppe ausgewahlt ist: 

VAAHEFGHAMGLEHSQ, VAAHEFGAAMGLEHSQ, 
VAAHELGHSLGLSHST, VAAHEIGHSLGLFHSA, 
VVAHELTHAVTDYTAG und AAHEEICTTNEGVM. 

45 8. Im wesentlichen reines Peptid, das im wesentlichen aus einer Aminosauresequenz entsprechend den in Fig. 1 
gezeigten Aminosaureresten 200 bis 370 besteht wobei das Peptid weiter die Fahigkeit zur Hemmung einer Matrix- 
Metailoproteinase besitzt. 

9. Antikorper der aufgrund der Verabreichung des Peptids nach einem der Anspruche 1 bis 8 gebildet wird. 

50 

10. Pharmazeutische Zusammensetzung, bestehend aus einer wirksamen Menge des Peptids nach einem der 
Anspruche 1 bis 8 zur Hemmung einer Matrix-Metailoproteinase und aus einem pharmazeutisch annehmbaren 
Trager. 

55 11. Zusammensetzung nach Anspruch 10, die zur inhalation zubereitet ist. 

12. Zusammensetzung nach Anspruch 10 in Form eines lyophylisierten Pulvers. 
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13. Zusammensetzung nach Anspruch 10 in Form einer EinschluBverbindung, die fur perorale Oder sublingual Ver- 
abreichung ausgelegt ist. 

14. Isolierte, das Peptid nach einem der Anspruche 1 und 4 bis 8 Oder eine Variante hiervon kodierende DNA-Sequenz. 

5 

15. Die DNA-Sequenz nach Anspruch 14 enthaltender Vektor. 

16. Durch den Vektor nach Anspruch 15 transformierter Mikrobenwirt. 

io 17. Verlahren zur Herstellung des Peptids nach einem der Anspruche 1 und 4^bis 8, welches das Kultivieren des 
transformierten Mikrobenwirts nach Anspruch 16 unter Bedingungen umtaRt, die fur die Expression des Peptids 
und die Ruckgewinnung des Peptids geeignet sind. 



15 



18. Nach dem Verfahren nach Anspruch 17 hergestelltees Peptid nach einem der Anspruche 1 und 4 bis 8. 

19. Isolierte, in Fig. 13 dargestelrte DNA-Sequenz. 



20. Zusammensetzung nach Anspruch 1 0, die zur Verwendung bei einem Verfahren zur Hemmung einer Matrix-Metal-- 
loproteinase in einem Saugetier und vorzugsweise zur Verwendung bei einem Verlahren zur Behandlung eines 

20 Saugetiers wegen eines von der Aktrvitat einer Matrix-Metalloproteinase herruhrenden degenerativen Prozesses 

zubereitet ist. 

21. Zusammensetzung nach Anspruch 20, die fur eine sublinguale Oder perorale Verabreichung Oder eine Verabrei- 
chung als intravenose Infusion zubereitet ist. 

25 

22. Zusammensetzung nach Anspruch 20 zur Verwendung bei der Behandlung eines im Atmungstrakt auftretenden 
degenerativen Prozesses, wobei die Zusammensetzung zur Verabreichung durch Inhalation zubereitet ist. 

23. Zusammensetzung zur Herstellung eines Metalioproteinase bei einem Saugetier hemmenden Peptids, dadurch 
30 gekennzeichnet, daG die Zusammensetzung den Vektor nach Anspruch 1 5 in ausreichender Menge enthalt, damit 

der Vektor zur Produktion des Metalioproteinase hemmenden Peptids exprimiert werden kann. 

24. Verwendung eines Peptids nach einem der Anspruche 1 bis 8 zur Herstellung eines Medikaments zur Verwendung' 
bei einem Verfahren zur Hemmung einer Matrix-Metalloproteinase in einem Saugetier. 

35 

Patentanspruche fur folgenden Vertragsstaat : ES 

1 . Verlahren zur Herstellung eines im wesentlichen reinen Peptids, bestehend im wesentlichen aus einer Aminosau- 
40 resequenz mit der Forme! aa., -aa 2 -aa 3 -aa4*C, wobei 

aa n eine basische Aminosaure ist, die aus der aus R und K bestehenden Gruppe ausgewahlt ist, 

aa 2 eine polare Aminosaure ist die aus der aus K. Q, und N bestehenden Gruppe ausgewahlt ist. 

45 

aa 3 eine nichtpolare Aminosaure ist, die aus der aus P, A : G, L, I und V bestehenden Gruppe ausgewahlt ist, 

aa 4 eine basische Aminosaure ist, die aus der aus R und K bestehenden Gruppe ausgewahlt ist. und 

50 c ein Zystein ist. das eine freie Sulfhydrylgruppe aufweist, 

wobei das Peptid aufterdem die Fahigkeit zum Hemmen einer Matrix-Metalloproteinase besitzt, und wobei das 
Verlahren das Einfugen eines das Peptid kodierenden DNA-Segments in einen Expressionsvektor und das Expri- 
mieren des Peptids umfaftt, wobei das Peptid durch synthetische Peptidchemie Oder das Isolieren des Peptids 
55 aus einer naturlichen Quelle gebildet wird. 

2. Verlahren nach Anspruch 1 , wobei die Aminosauresequenz RKPRC ist. 
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3. Vertahren nach Anspruch 1. wobei die Aminosauresequenz aus der Gruppe ausgewahlt ist : die aus RQPRC, 
RKARC, KKPRC, RKPKC und RKLRC ausgewahlt ist. 

4. Vertahren zum Zubereiten eines im wesentlichen reinen Peptids, bestehend im wesentlichen aus einer Amino- 
5 sauresequenz, die aus der aus TMRKPRCGNPDVAN und MRKPRCG bestehenden Gruppe ausgewahlt ist, wobei 

das Peptid auBerdem die Fahigkeit zum Hemmen einer Matrix-Metalloproteinase besitzt, und wobei das Vertahren 
das Einfugen eines das Peptid kodierenden DNA-Segments in einen Expressionsvektor und das Exprimieren des 
Peptids umfaf3t : wobei das Peptid durch synthetische Peptidchemie Oder durch Isolieren des Peptids aus einer 
naturlichen Quelle gebildet wird. 

10 

5. Vertahren zum Herstellen eines im wesentlichen reinen Peptids. das eine fur Tumorzellen spezitische Bindungsstelle 
hat und im wesentlichen aus einer Aminosauresequenz 

APSPIIKFPGDVAPKTDKELAVQYLNTFYGCPKESCNLFVLKDTLKKMQKFFGLP QTGDLDQNTIETMRKPRCGNP- 
DVANYNFFP 

besteht, wobei das Peptid auGerdem die Fahigkeit zum Hemmen einer Matrix-Metalloproteinase besitzt, und wobei 
das Vertahren das Einfugen eines das Peptid kodierenden DNA-Segments in einen Expressionsvektor und das Expri- 
mieren des Peptids umfa3t : wobei das Peptid durch synthetische Peptidchemie Oder durch Isolieren des, Peptids aus 
einer naturlichen Quelle gebildet wird. 

20 6. Vertahren zum Herstellen eines im wesentlichen reinen Peptids, das im wesentlichen aus der Aminosauresequenz 
AAHE Oder der Sequenz VAHE besteht, wobei das Peptid aufterdem die Fahigkeit zur Hemmung einer Matrix- 
Metalloproteinase besitzt, und wobei das Vertahren das Einfugen eines das Peptid kodierenden DNA-Segments 
in einen Expressionsvektor umfaBt, wobei das Peptid durch synthetische Peptidchemie Oder durch Isolieren des 
Peptids aus einer naturlichen Quelle gebildet wird. 

25 

7. Vertahren zum Herstellen eines im wesentlichen reinen Peptids mit der Fahigkeit zur Hemmung einer Matrix- 
Metalloproteinase und im wesentlichen bestehend aus einer Aminosauresequenz, die aus der folgenden Gruppe 
ausgewahlt ist: 

VAAHEFGHAMGLEHSQ, VAAHEFGAAMGLEHSQ, 
30 VAAHELGHSLGLSHST, VAAHEIGHSLGLFHSA, 

WAHELTHAVTDYTAG und AAHEEICTTNEGVM, 
wobei das Vertahren das Einfugen eines das Peptid kodierenden DNA-Segments in einen Expressionsvektor und 
das Exprimieren des Peptids umfaBt, wobei das Peptid durch synthetische Peptidchemie Oder durch Isolieren des 
Peptids aus einer naturlichen Quelle gebildet wird. 

35 

8. Vertahren zum Herstellen eines im wesentlichen reinen Peptids, das im wesentlichen aus einer Aminosaurese- 
quenz entsprechend den in Fig. 1 gezeigten Aminosaureresten 200 bis 370 besteht, wobei das Peptid weiter die 
Fahigkeit zur Hemmung einer Matrix-Metalloproteinase besitzt, und wobei das Vertahren das Einfugen eines das 
Peptid kodierenden DNA-Segments in einen Expressionsvektor und das Exprimieren des Peptids umfaBt, wobei 

40 das Peptid durch synthetische Peptidchemie Oder durch Isolieren des Peptids aus einer naturlichen Quelle gebildet 

wird. 

i 

9. Vertahren zum Hervorrufen eines Antikorpers aufgrund eines Peptids nach einem der Anspruche 1 bis B, wobei 
ein Peptid gemaB einem der Anspruche 1 bis 8 verwendet wird. 



10. Vertahren zum Zubereiten einer pharmazeutischen Zusammensetzung, bestehend aus einer wirksamen Menge 
eines Peptids nach einem der Anspruche 1 bis 8 zur Hemmung einer Matrix-Metalloproteinase und aus einem 
pharmazeutisch annehmbaren Trager, wobei das Vertahren das Beimischen eines Peptids nach einem der Anspru- 
che 1 bis 8 zu einem pharmazeutisch annehmbaren Trager umfaBt. 

so 

11. Vertahren nach Anspruch 10, wobei das Peptid durch ein Vertahren nach einem der Anspruche 1 bis 8 zubereitet 
wird. 

12. Vertahren nach Anspruch 10 Oder 11, wobei die Zusammensetzung zur Inhalation zubereitet wird. 

55 

13. Vertahren nach Anspruch 10 Oder 11, wobei die Zusammensetzung als lyophylisiertes Pulver vorliegt. 

14. Vertahren nach Anspruch 10 Oder 11, wobei die Zusammensetzung als EinschluGverbindung vorliegt, die fur per- 
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orale Oder sublingual Verabreichung ausgelegt ist.' 

15. Verfahren zum Zubereiten einer ein Peptid nach einem der Anspruche 1 und 4 bis 8 Oder eine vanante hiervon 
kodierenden isolierten DNA-Sequenz. welches das Biiden und Isolieren dieser Sequenz umfaGt. 

5 

16. Verfahren zum Zubereiten eines Vektors, welches das Einfugen einer nach dem Verfahren nach Anspruch 15 
hergestellten DNA-Sequenz in einen Vektor umfaGt. 

17. Verlahren zum Transformieren eines Mikrobenwirts : welches das Einbringen eines nach dem Verfahren nach 
10 Anspruch 16 zubereiteten Vektors in den Wirt umfaflt. 

18. Verlahren zur Herstellung des Peptids nach einem der Anspruche 1 und 4 bis 8 : welches das Kultivieren des 
transformierten Mikrobenwirts nach Anspruch 17 unter Bedingungen umfaGt : die fur die Expression des Peptids 
und die Ruckgewinnung des Peptids geeignet sind. 

75 

19. Verfahren zum Zubereiten einer isolierten DNA-Sequenz, wie in Fig. 1 3 dargestellt, welches das Biiden und Iso- 
lieren der Sequenz umfaGt. 

20. Verfahren nach Anspruch 10, wobei die Zusammensetzung zur Verwendung bei einem Verfahren zur Hemmung 
20 einer Matrix -Metalloproteinase in einem Saugetier und vorzugsweise zur Verwendung bei einem Verfahren zur 

Behandiung eines Saugetiers wegen eines von der Aktivitat einer Matrix-Metalloproteinase herruhrenden dege- 
nerativen Prozesses zubereitet wird. 

21. Verlahren nach Anspruch 20. wobei die Zusammensetzung fur eine sublingual Oder perorale Verabreichung Oder 
25 eine Verabreichung als intravenose Infusion zubereitet wird. 

22. Verfahren nach Anspruch 20. wobei die Zusammensetzung zur Verwendung bei der Behandiung eines im 
Atmungstrakt auftretenden degenerativen Prozesses fur eine Verabreichung durch Inhalation zubereitet wird. 

30 23. Verfahren zur Herstellung einer Zusammensetzung zur Verabreichung eines eine Metalloproteinase bei einem 
Saugetier hemmenden Peptids, welches das Beimischen eines nach dem Verfahren nach Anspruch 15 zuberei- 
teten Vektors in ausreichender Menge zu einem pharmazeutisch annehmbaren Trager umfaGt, damit der Vektor 
zur Produktion des Metalloproteinase hemmenden Peptids exprimiert werden kann. 

35 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

^0 

1. Peptide a I'etat sensiblement pur consistant essentiellement en une sequence d'acides amines ayant la formule 
aa 1 -aa 2 -aa 3 «aa 4 -C l dans laquelle : ' - 

aa, est un acide amine basique choisi dans le groupe consistant en R et K ; 
45 aa 2 est un acide amine polaire choisi dans le groupe consistant en K, Q et N ; 

aa 3 est un acide amine non polaire choisi dans le groupe consistant en P, A, G, L, I et V ; 
aa 4 est un acide amine basique choisi dans le groupe consistant en R et K ; et 
C est un residu cysteine comportant un groupe sulfhydryle libre ; 

50 ledit peptide ayant en outre la capacite d'inhiber une metalloproteinase matricielle. 

2. Peptide selon la revendication 1 , dans lequel ladite sequence d'acides amines est RKPRC. 

3. Peptide selon la revendication 1 , dans lequel ladite sequence d'acides amines *3t choisie dans le groupe constitue 
55 de RQPRC, RKARC, KKPRC, RKPKC et RKLRC. 

4. Peptide a Petat sensiblement pur consistant essentiellement en une sequence d'acides amines choisie dans le 
groupe constitue de TMRKPRCGNPDVAN et MRKPRCG. ledit peptide ayant en outre la capacite d'inhiber une 



25 



EP0 462 182 B1 

metalloproteinase matricielle. 

5. Peptide a l*6tat sensiblement pur contenant un site de liaison specifique de cellules tumorales et consistant essen- 
tiellement en une sequence d'acides amines APSPIIKFPGDVAPKTDKELAVQYLNTFYGCPKESCNLFVLKDTLK- 
5 KMQKFFGLPQTG DlDQNTIETMRKPRCGNPDVANYNFFP, ledit peptide ayant en outre la capacite d'inhiber une 

metalloproteinase matricielle. 



6: Peptide a t'etat sensiblement pur consistant essentiellement en la sequence d'acides amines AAHE ou en la 
sequence VAHE : ledit peptide ayant en outre la capacite d'inhiber une metalloproteinase matricielle. 



w 



7. Peptide a l'6tat sensiblement pur ayant la capacite" d'inhiber une metalloproteinase matricielle et consistant essen- 
tiellement en une sequence d'acides amines choisie dans le groupe consistant en : 

VAAHEFGHAMGLEHSQ, VAAH EFG A AMG IE HSQ, 
VAAHELGHSLGLSHST. VAAHEIGHSLGLFHSA, 
is WAHELTHAvTDYTAG, et AAHEEICTTNEGVM. 

8. Peptide a I'etat sensiblement pur consistant essentiellement en une sequence d'acides amines correspondant aux 
residus d'acide" amine" 200 a 370 months sur la figure 1 , ledit peptide ayant en outre la capacite d'inhiber une 
metalloprot6inase matricielle. 

20 t 

9. Anticorps obtenu en reponse d'une administration du peptide selon I'une quelconque des revendications 1 a 8. 

10. Composition pharmaceutique comprenant une quantite efficace du peptide selon I'une quelconque des revendi- 
cations 1 a 8 pour inhiber une metalloproteinase matricielle et un support acceptable au plan pharmaceutique. 

25 

11. Composition selon la revendication 10 qui est formulae pour I'inhalation. 

12. Composition selon la revendication 10 qui est une poudre lyophilisee. 

30 13. Composition selon la revendication 10 qui est un complexe d'inclusion adapts a I'administration perorale ou sublin- 
guale. 

14. Sequence d'ADN iso!6e codant pour le peptide selon I'une quelconque des revendications 1 et 4 a 8 ou I'une de 
ses variantes. 

35 

15. Vecteur contenant la sequence d'ADN selon la revendication 14. 

"16. Hote microbien transforme par le vecteur de la revendication 15. 

40 17. Proc6d6 de preparation du peptide selon I'une quelconque des revendications 1 et 4 a 8 comprenant la mise en 
culture de Thote microbien transforme" selon la revendication 16 dans des conditions appropriees a I'expression 
dudit peptide et a la recuperation dudit peptide. 



45 



18. Peptide selon I'une quelconque des revendications 1 et 4 a 8 obtenu selon le proc6de de la revendication 17. 

19. Sequence d'ADN isolee representee sur la figure 13. 



20. Composition selon la revendication 10.. formulae pour etre utiiisee dans un procede d'inhibition d'une mStallopro- 
te"inase matricielle chez un mammifere et, de preference, pour etre utiiisee dans un procede" de traitement d'un 

so processus degeneratil resultant de Tactivite d'une metalloproteinase matricielle, chez un mammifere. 

21. Composition selon la revendication 20, formulae pour I'administration sublingual, perorale, ou par injection intra- 
veineuse lente. 

55 22. Composition selon la revendication 20, destinee a etre utiiisee dans le traitement d'un processus degeneratif loca- 
lise" dans les voies respiratoires. ladite composition 6tant formulae pour §tre administr6e par inhalation., 

23. Composition destinee a d£livrer un peptide inhibant une metalloproteinase a un mammifere, caracterisee en ce 
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que ladite composition comprend le vecteur selon la revendication 15 dans une quantite.suffisante pour que ledit 
vecteur soit exprime et produise ainsi ledit peptide inhibant une metalloproteinase. " 

24. Utilisation d'un peptide selon Tune quelconque des revendications 1 a 8 pour la fabrication d'un medicament destine 
a etre utilise dans un procede d'inhibition d'une metalloproteinase matricielle chez un mammifere. 

Revendications pour I'Etat contractant suivant : ES 

1. Procede de preparation d'un peptide a I'etat sensiblement pur consistant essentiellement en une sequence d'aci- 
des amines ayant la formule aa 1 -aa 2 -aa 3 -aa4-C l dans laquelle : 

aa } est un acide amine basique choisi dans le groups consistant en R et K ; 

aa 2 est un acide amine polaire choisi dans le groupe consistant en K : Q et N ; 

aa 3 est un acide amine non polaire choisi dans le groupe consistant en P, A. G, L, I et V ; 

aa 4 est un acide amine basique choisi dans le groupe consistant en R et K ; et 

C est un residu cysteine comportant un groupe sulfhydryle libre : 

ledit peptide ayant en outre la capacite d'inhiber une metalloproteinase matricielle ; et ledit proced6 comprenant 
I'insertion d'un fragment d'ADN codant pour le peptide dans un vecteur d'expression et I'expression dudit peptide, 
la formation dudit peptide par voie de synthese chimique. ou I'isolement du peptide a partir d'une source naturelle. 

2. Procede selon la revendication 1 , dans lequel ladite sequence d'acides amines est RKPRC. 

3. Procede selon ia revendication 1 , dans lequel ladite sequence d'acides amines est choisie dans le groupe constitue 
de RQPRC, RKARC, KKPRC, RKPKC et RKLRC. 

4. Procede de preparation d'un peptide a I'etat sensiblement purconsistant essentiellement en une sequence d'aci- 
des amines choisie dans le groupe constitue de TMRKPRCGNPDVAN et MRKPRCG, ledit peptide ayant en outre 
la capacite d'inhiber une metalloproteinase matricielle, ledit procede comprenant I'inserlion d'un fragment d'ADN 
codant pour le peptide dans un vecteur d'expression et ('expression dudit peptide, la formation dudit peptide par 
voie de synthese chimique, ou I'isolement du peptide a partir d'une source naturelle. 

5. Procede de preparation d'un peptide a I'etat sensiblement pur contenant un site de liaison specifique de cellules 
tumorales et consistant essentiellement en une sequence d'acides amines APSPIIKFPGDVAPKTDKELAV- 
QYLNTFYGCPKESCNLFVLKDTLKKMQKFFGLPQTG DLDQNTIETMRKPRCGNPDVANYNFFP, ledit peptide 
ayant en outre la capacite d'inhiber une metalloproteinase matricielle, ledit proc6de comprenant I'insertion d'un 
fragment d'ADN codant pour le peptide dans un vecteur d'expression et I'expression dudit peptide, la formation 

• dudit peptide par voie de synthese chimique, ou I'isolement du peptide a partir d'une source naturelle. 

6. Procede de preparation d'un peptide a l'6tat sensiblement pur consistant essentiellement en la sequence d'acides 
amines AAHE ou en ia sequence VAHE ; ledit peptide ayant en outre la capacite d'inhiber une metalloproteinase 
matricielle, ledit procede comprenant I'insertion d'un fragment d'ADN codant pour le peptide dans un vecteur 
d'expression et I'expression dudit peptide, la formation dudit peptide par voie de synthese chimique, ou I'isolement 
du peptide a partir d'une source naturelle. 

7. Procede de preparation d'un peptide a I'etat sensiblement pur ayant ia capacite d'inhiber une metalloproteinase 
matricielle et consistant essentiellement en une sequence d'acides amines choisie dans le groupe consistant en : 

VAAHEFGHAMGLEHSQ, VAAHEFGAAMGLEHSQ, 

VAAHELGHSLGLSHST, VAAHEIGHSLGLFHSA, 

WAHELTHAVTDYTAG, et AAHEEICTTNEGVM, 
ledit procedS comprenant I'insertion d'un fragment d'ADN codant pour le peptide dans un vecteur d'expression et 
I'expression dudit peptide, la formation dudit peptide par voie de synthese chimique : ou I'isolement du peptide a 
partir d'une source naturelle. 

8. Procede de preparation d'un peptide a I'etat sensiblement pur consistant essentiellement en une sequence d'aci- 
des amines correspondant aux residus d'acide amine 200 a 370 montres sur la figure 1 , ledit peptide ayant en 
outre la capacite d'inhiber une metalloproteinase matricielle, ledit procede comprenant I'insertion d'un fragment 
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d'ADN codant pour le peptide dans un vecteur d'expression et ('expression dudit peptide, la formation dudit peptide 
par voie de synthese chimique, ou I'isolement du peptide a partir d'une source naturelie. 

9. Procede de production d'un anticorps dirige contre un peptide tel que defini dans I'une quelconque des revendi- 
cations 1 a 8, selon lequel on utilise un peptide tel que defini dans Tune quelconque des revendications 1 a 8. 

10. Procede de preparation d'une composition pharmaceutique comprenant une quantite efficace d'un peptide tel que 
defini dans I'une quelconque des revendications 1 a 8 pour inhiber une metalloproteinase matricielle et un support 
acceptable au plan pharmaceutique, selon lequel ledit procede comprend le melange d'un peptide tel que defini 
dans I'une quelconque des revendications 1 a 8 avec un support acceptable au plan pharmaceutique. 

11. Procede selon la revendication 10, dans lequel ledit peptide est prepare selon un procede tel que defini dans I'une 
quelconque des revendications 1 a B. 

12. Procede selon la revendication 10 ou la revendication 11 , dans lequel la composition est formulee pour I'inhalation. 

13. Procede selon la revendication 10 ou la revendication 11, dans lequel la composition est une poudre lyophilisee. 

14. Procede selon la revendication 10 ou la revendication 11, dans lequel la composition est un complexe d'inclusion 
adapte a ('administration perorale ou sublinguale. 

15. Procede de preparation d'une sequence d'ADN isolee codant pour un peptide tel que defini dans I'une quelconque 
des revendications 1 et 4 a 8 ou I'un de ses variants, comprenant la formation et I'isolement de ladite sequence. 

16. Procede de preparation d'un vecteur comprenant insertion dans un vecteur d'une sequence d'ADN preparee 
selon un procede tel que revendique dans la revendication 15. 

17. Procede de transformation d'un note microbien comprenant I'introduction dans ledit note d'un vecteur prepare 
selon un procede tel que revendiqu6 dans la revendication 1 6. 

18. Procede de preparation d'un peptide tel que defini dans I'une quelconque des revendications 1 et 4 a 8 comprenant 
la mise en culture de I'hote microbien transforms prepare selon un procede tel que revendique dans la revendi- 
cation 17 dans des conditions appropriees a I'expression dudit peptide et la recuperation dudit peptide. 

19. Procede de preparation d'une sequence d'ADN isolee telle que montree sur la figure 1 3 comprenant la formation 
et I'isolement de ladite sequence. 

20. Procede selon la revendication 10 dans lequel la composition est formulae pour etre utilisee dans un procede 
d'inhibition d'une metalloproteinase matricielle chez un mammifere et, de preference, pour etre utilisee dans un 
procede de traitement d'un processus d6generatif resultant de I'activite d'une metalloproteinase matricielle, chez 
un mammifere. 

21. Procede selon la revendication 20, dans lequel la composition est formulee pour I'administration sublinguale, pero- 
rale, ou par injection intraveineuse lente. 

22. Procede selon la revendication 20, dans lequel la composition est destinee a etre utilisee dans le traitement d'un 
processus degeneratif localise dans les voies respiratoires, et est formulee pour etre administree par inhalation. 

23. Procede de formation d'une composition destinee a delivrer un peptide inhibant une metalloproteinase chez un 
mammifere : comprenant le melange d'un vecteur prepare selon un procede tel que revendique dans la revendi- 
cation 15 dans une quantite suffisante pour que ledit vecteur soil exprime et produise ainsi ledit peptide inhibant 
une metalloproteinase, avec un support acceptable au plan pharmaceutique. 
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